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PREFACE

In accord with the Endangered Species Act, Section 7. Consultation,

personnel from the US Army Engineer District, St. Louis. and the US Fish and

Wildlife Service (USFWS) determined that a monitoring program should be initi-

ated in the upper Mississippi River to assess the effects of existing and

future increased traffic levels on freshwater mussels including Lampsiiis

higginsi. Concern had been expressed by the USFUS and other agencies that

projected increases in commercial traffic resulting from completion of the

Melvin Price Locks and Dam, Second Lock Project, at Alton, IL (formerly known

as Locks and Dam 26) could negatively affect freshwater mussels. In 1988, the

St. Louis District contracted with the US Army Engineer Waterways Experiment

Station (WES) to initiate these studies. The purpose of the 1988 studies was

to identify sample sites for future work. This report describes results of

the third full study year, which took place in 1991.

Divers for this study were Messrs. Larry Neill, Robert Warden, Larry

Armstrong, and Dennis Baxter from the Tennessee Valley Authority. Mr. Todd

Pedderson, Illinois Natural History Survey, Mr. Chris Weggs, Mississippi Col-

lege, Jackson, MS, Dr. David Beckett, University of Southern Mississippi,

Hattiesburg, MS, and Mr. Robert Read, Wisconsin Department of Natural

Resources, assisted in the field. Ms. Sarah Wilkerson, Jackson State Univer-

sity, Jackson, MS, prepared all figures except maps, and Ms. Erica Hubertz,

University of West Florida, identified and measured mussels in the laboratory

at WES. Comments on an early draft of this report were provided by Mr. Dan

Ragland, St. Louis District.

During the conduct of these studies, Dr. John Harrison was Director,

Environmental Laboratory, (EL), WES, Dr. Conrad J. Kirby was Chief, Environ-

mental Resources Division, EL, and Dr. Edwin Theriot was Chief of the Aquatic

Habitat Group, EL. Authors of this report were Dr. Andrew C. Miller and

Dr. Barry S. Payne, EL.

At the time of publication of this report, Director of WES was

Dr. Robert W. Whalin. Commander was COL Leonard G. Hassell, EN.

This report should be cited as follows:

Miller, Andrew C., and Payne, Barry S. 1993. "Effects of Increased
Commercial Navigation Traffic on Freshwater Mussels in the Upper Missis-
sippi River: 1991 Studies," Technical Report EL-93-I, US Army Engineer
Waterways Experiment Station, Vicksburg, MS.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By 1lv

feet 0.3048 meters

inches 2.54 centimeters

miles (US statute) 1.609347 kilometers
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EFFECTS OF INCREASED COMMERCIAL NAVIGATION TRAFFIC ON FRESHWATER

MUSSELS IN THE UPPER MISSISSIPPI RIVER: 1991 STUDIES

PART I: INTRODUCTION

i. Operation of the second lock at the Melvin Price Locks and Dam (for-

merly the Locks and Dam 26 (Replacement) project) will increase the capacity

for commercial navigation traffic in the upper Mississippi River (UMR).

Increased commercial traffic could detrimentally affect freshwater mussels

(Mollusca:Unionidae), including Lampsilis bigginsi, listed as endangered by

the US Fish and Wildlife Service (USFWS) (1987). In accordance with the

Endangered Species Act, Section 7, Consultation, personnel from the US Army

Engineer District, St. Louis, and the USFWS determined that a monitoring pro-

gram should be initiated to assess the effects of projected traffic levels on

freshwater mussels including L. higginsi. Other agencies that participated in

the development of this program included the US Army Engineer Divisions, Lower

Mississippi Valley and North Central; US Army Engineer Districts, St. Paul and

Rock Island; and State conservation agencies and interested lay personnel.

2. A reconnaissance survey to choose sample sites was conducted in 1988

(Miller et al. 1990) and also in 1989 (Miller and Payne 1991). Detailed quan-

titative and qualitative studies at selected mussel beds were initiated in

1989 and will continue through 1994 to obtain baseline data. This report

contains a summary of data collected during the summer of 1991, the third full

year of the project.

Study Design

3. Research was designed to obtain information on physical effects of

commercial vessel passage (changes in water velocity and suspended solids near

the substrate-water interface) at dense and diverse mussel beds in the UMR.

In addition to physical studies, biotic parameters (species richness, species

diversity, density, growth rate, population structure of dominant mussel spe-

cies, etc.) are being monitored every second year. At each mussel bed,

physical and biological data are being collected at a farshore (experimental)

and nearshore (reference) site. Experimental sites are located close to the
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navigation channel (affected by vessel passage), and reference sites are

located as far as possible from the chainel (affected to a le-ser extent by

vessel passage). The objective is to couple empirical data from physical and

biological studies to make predictions of the physical effects of vessel

passage on freshwater mussels.

4. Data are being collected to determine if commercial navigation traf-

fic is negatively affecting L. higginsi. This is being accomplished by col-

lecting information on all species of bivalves. As appropriate, results will

be applied to L. higginsi. This surrogate species concept is being used since

it is extremely difficult to obtain information on density, recruitment, etc.,

for uncommon species such as L. higginsi. In addition, intensive collections

of this species would be detrimental to its continued existence. The follow-

ing six parameters, considered to be indicative of the health of a mussel bed,

are being used to determine if commercial navigation traffic is negatively

affecting freshwater mussels.

a. Decrease in density of five common-to-abundant species.

b. Presence of L. higginsi (if within its rarlge).

c. Live-to-recently-dead ratios for dominant species.

d. Loss of more than 25 percent of the mussel species.

e. Evidence of recent recruitment.

f. A significant change in growth rates or mortality of dominant
species.

5. Each mussel bed will be studied every other year until 1994; there-

fore, 3 nonconsecutive years of data will be collected at each location. Data

will be collected during a period when traffic levels are not expected to

increase. After 1994, biological and physical data will be collected at each

bed once every 5 years. This will be done until traffic levels have increased

by an average of one tow per day above the 19,0 levels in the pool where moni-

toring takes place. Studies will then resume at the original rate and con-

tinue until 2040, the economic life of the Melvin Price Locks and Dam Project.

Results of these studies will be reviewed annually to determine the need for

altering sampling protocol. A preliminary schedule of studies to be conducted

at each mussel bed appears in Table 1. A more complete description of these

studies appears in Miller et al. (1990). Resul of the 1989 studies are in

Miller and Payne (1991), and results of the 1990 studies are in Miller and

Payne (1992).
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Purtose and Score

6. The purpose of this research (1988-94) is to obtain baseline data on

physical (water velocity and suspended solids) and biological conditions (den-

sity, species richness, relative species abundance, population demography of

dominant species, etc.) at five mussel beds between river miles (RMs) 299 and

635 in the UMR. The purpose of the 1991 studies was to collect biological and

physical data at a mussel bed in Pool 24 (approximately at RM 299), Pool 14

(approximately at RM 505), and Pool 10 (approximately at RM 635).
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PART I1: STUDY AREA AND METHODS

Stuady Alta

7, The UMR was once a free-flowing, braided, pool rififl habltaT Wth

side channels, sloughs, and abandoned channels This habitat wa- itvred az a

result of pissage of the Rivers and Harbors Act of 3 Jul 1930., whitic autho

rized the US Army Corps of Engineers to construct . navigation channel wit)a

minimum depth of 9 fr* and a minimum width of 300 ft Development of this

navigation channel, which included placement of locks, dams, dlke*. wving daab,

and levees, converted the river to a series of run-of -he.river rersrvolr4

.. aracterized by relatively slow-moving water and extensive adja-ert en]tlc

habitats. Typically the upper reaches of pools in the 1,10 have relativeiv

high water velocity and riverine conditions, whereas the lower reaches are

more lake-like with deep, low-velocity water and fine-grained udimrnt%

(Eckblad 198b).

8. At sites investigated for this study, substrate in Pools 26-24 con-

sisted mainly of coarse gravel, cobble, and slab rock, The channel was fairly

narrow and deep with comparatively few side channels, Island, or backwaters

Study sites in the middle reach of the U.R (Pools 22-17) were characterized by

fine-grained sediments, numerous island. sloughs, and backwaters The upper

reacr' of the river at study sites in Pools 14. 12, and 10 was characterized by

numerous islands, backwaters, sloughs, and beds of aquatic macrophytes Sub-

strate usually consisted of fine-grained sand and silt,

Stuqdy Sites

9. In 1988, preliminary data on physical ane biological conditions were

collected at mussel beds in Pools 26. 23, 24, 19, 18. 17, 14. 10, and 7' In

1989, additional preliminary studies were conducted in Pools 12 and 13, In

these surveys, a combination of qualitative and quantitative techniques was

employed to determine if a bed was suitable for detailed study. Based on

information from these surveys, five mussel beds were chosen (Table I.

Figure 1).

* A table of factors for converting non-SI units of measurement to SI
(.metric) units is presented on page 5.
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Figure 1. Location of the five mussel beds chosen for
detailed study in the UMR, 1989-1994

10. Mussel beds chosen for study by representatives of the SL. Louis

District, US Army Engineer Waterways Experiment Station (WES), and USFWS are:

L221 -RM

24 299 RDB*
17 450 RDB
14 504 LDB*
12 571 RDB
10 635 RDB (Main Channel)

* RDB-Right descending bank; LDB-left descending bank.
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A complete description of mussel beds in Pools 17 and 12 appears in Miller and

Payne (1992); the following description applies only to the beds studied in

1991:

Pool 24

11. This mussel bed is located on the right descending bank (RDB)

approximately 1.5 miles downriver of Lock and Dam 22 (Figure 2). A series of

wing dams on the left descending band (LDB) directs water across the channel

and toward the mussel bed. Commercial traffic must move along the RDB when

approaching or exiting Lock and Dam 22. Substrate at this location consists

of slab rock, coarse gravel, and sand. Ten quantitative and 18 qualitative

samples were obtained at this bed in 1988, Sixty quantitative and 42 qualita-

tive samples were collected in 1989. In 1991, 30 quantitative samples were

taken at a nearshore (100 ft from the RDB) and a farshore site (200 ft from

the RDB). In addition, 36 qualitative samples were obtained from this bed in

1991. Although L. higginsi has never been found in Pool 24, this bed contains

a dense and diverse assemblage of mussels. This river reach was included so

that representative data would be collected in the lower portion of the UMR.

Pool 14

12. An extensive mussel bed is located in the lower portion of Pool 14

on the LDB (Figure 3). This bed supports a dense and diverse assemblage of

mussels including L. higginsi. Twenty quantitative and 27 qualitative samples

were collected at this bed in 1988. Sixty quantitative and 59 qualitative

samples were taken from the central portion of the mussel bed in 1989. In

1991, 30 quantitative samples were taken from a nearshore (160 ft from the

LDB) and a farshore site (300 ft from the LDB) site. In addition, 48 qualita-

tive samples were collected at this bed in 1991.

Pool 10

13. Near Prairie du Chien, WI, the UMR splits into an east and west or

main channel (Figure 4). The east channel is slightly less deep and not as

wide as the main channel, although during high water conditions, it is naviga-

ble. Sediments in both the east and main channel consist of sand and silt

with less than 5 percent gravel by weight. Numerous sloughs, aquatic plant

beds, and islands characterize this reach of the river.

14. Although samples for mussels have been collected in both the east

and main channel for this project, sites in the main channel were used for the

majority of detailed physical and biological studies. In 1988, 43 qualitative

11
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samples were collected in the main channel of the river. No quantitative

samples were collected in the main channel in 1988. In 1989, a total of 40

quantitative samples were collected at a nearshore (115 ft) and farshore site

(180 ft) on the RDB of the river. In 1991, 30 quantitative samples were taken

at a nearshore (75 ft from the RDB) and a farshore site (180 ft from the RDB).

In addition, 48 qualitative samples were collected in 1991. Personnel at WES

have also collected mussels in the east channel at a barge turning basin and a

reference site located downriver.

Methods

Preliminary reconnaissance

15. A diver equipped with surface air supply and communication equip-

ment made a preliminary survey of each study area before detailed studies

began. He obtained information on substrate type, water velocity, and pres-

ence of mussels. A fathometer was used to measure water depth, and distance

to shore was determined with an optical range finder. If the area appeared

suitable, then detailed studies were initiated.

Oualitative collections

16. Qualitative samples were obtained by three divers working simulta-

neously (Table 2). Each diver was given four nylon bags and instructed to put

approximately five mussels in the first bag and 20 mussels in each of the

other three bags. Divers attempted to collect only live mussels, although

dead shells were occasionally taken that had to be discarded. Collecting was

done mainly by feel since water visibility was poor. Mussels were brought to

surface, identified, and counted. Selected individuals were shucked and

retained for voucher. Additional specimens were preserved in 10-percent

buffered formalin and returned to the laboratory for analysis of physical

condition (ratios of shell length to tissue dry mass, etc.). Unneeded speci-

mens were returned to the river unharmed.

Quantitative samlin .

17. At each site (nearshore or farshore), ten 0.25-m2 quadrat samples

were obtained at each of three subsites separated by 10 to 30 m. At each

subsite, quadrats were placed artroximately 1 m apart and arranged in a 2 by

5 matrix. A diver removed all sand, gravel, shells, and live molluscs within

the quadrat. It usually took 5 to 10 min to clear the quadrat to a depth of

10 to 15 cm. All material was sent to the surface in a 20-1 bucket, taken to

15



shore, and sieved through a nested screen series (finest screen with apertures

of 6.4 m-) and picked for live organisms. All bivalves were identified, and

total shell length (SL) measured to the nearest 0.1 mm. All L. higginsi were

returned to the river unharmed. Some of the bivalves were measured in the

evening, then returned to the river the next day. Bivalves that could not be

processed were preserved in 10-percent buffered Formalin and taken to WES for

analysis. Notes were made on the number of =fresh dead mussels" (defined as

dead individuals with tissue still attached to the valves).

Growth studies

18. In 1990, growth studies were initiated in Pool 14, Pool 17, Pool

12, and Pool 10. Demographically complete groups of dominant unionid species

were collected, total SL was measured in the field, and each mussel was

engraved with an identifying code using a dremel tool. At each nearshore and

farshore site, three 0.25-m2 aluminum quadrats were cabled together with 20 m

of 3/8 in.-coated wire rope. The quadrats were secured to the river bottom,

and all substrate (i.e., live bivalves, sand, and gravel) was excavated to a

depth of 10 to 15 cm. Twenty liters of screened gravel (saved from the quan-

titative samples) and the marked mussels were placed in each quadrat.

19. In subsequent years, these sites were revisited and quadrats were

retrieved. Mussels were measured and yearly growth rates computed. In addi-

tion to directly measuring growth by this technique, growth of dominant

species was estimated by analysis of length frequency histograms and by mea-

suring all interannular distances.

Water velocity readings

20. Water velocity was measured 23 cm above the substrate-water inter-

face using a Marsh McBirney Model 527 current meter. The sensor for this

instrument measures velocity in two directions (an X and Y component that are

at right angles to each other) and is equipped with a compass. The compass,

which is read from the meter, assists in positioning the sensor and can be

used to calculate direction of flow. The meter sensor was mounted in a con-

crete block, positioned, and secured by divers. Two meters were equipped with

1,000 ft of cable, and two were equipped with 200 ft of cable. Water velocity

in two directions and a compass reading were obtained at 1-sec intervals and

stored on a model CRI0 data logger (Campbell Scientific, Inc., Logan, UT).

Data were downloaded to a Toshiba laptop personal computer for later analysis

and plotting.

16



21. During 1991, the effects of commercial vessel passage on water

velocity were studied at two mussel beds. Data were collected along the RDB

at RM 299.4 (Pool 24) and at RM 504.7 (Pool 14). Up to four sensors were

deployed at distances ranging from 50 to 400 ft from the bank. Sensors were

never placed in the navigation channel. Each sensor was positioned to obtain

velocity readings parallel to (pointing upriver) and at right angles (pointing

into the channel) to the direction of flow.

22. The sensors were positioned at the beginning of the day and

retrieved each evening. When a commercial vessel was sighted, the meters and

data logger were turned on (usually about 250 sec before the vessel passed),

and continuous data on water velocity and compass readings were obtained,

Usually between 600 and 1,200 sec of data were collected for each vessel pas-

sage. Data on distance to shore, type of vessel, direction, etc., were

recorded.

23. Velocity data and compass readings were converted to ASCII files,

and magnitude of flow was calculated from individual velocity components by

the formula:

Magnitude - (X 2 + Y2 ) 0 .5  (1)

The resolved angle of water flow was determined by the formulae:

0 =TAN-' (X/Y) ifY?.0, or (2)

0 - TAN- 1 (X/Y) + 180°, if Y< 0 (3)

24. Summary statistics (mean, standard deviation, minima, and maxima)

were calculated for a time interval immediately before (or after) and during

each event. The time interval before the event included 200 sec that ended at

least 50 sec before the vessel reached the site. The time interval that

included the event usually began 50 sec before the vessel reached the sensors

and continued for up to 150 sec after the vessel passed. The magnitude of

physical change associated with each passage could then be evaluated by

17



comparing summary statistics collected during the event with statistics

obtained before (or after) the vessel passed.

25. In 1991, water velocity near the substrate water interface was

measured using a Nixon microflow probe. This is a mechanical probe with a

propeller diameter of 11 mm; hence it can be placed near the substrate-water

interface. The purpose was to measure vessel-induced velocity changes as

close as possible to the substrate where mussels were embedded. The Nixon

velocity probe was also coupled to a data logger.

Data analysis

26. All bivalve data (lengths, weights, etc.) were entered on a spread-

sheet and stored in ASCII files. Summary statistics were calculated using

functions in the spreadsheets or with programs written in BASIC or SAS (Sta-

tistical Analysis System). All computations were accomplished with an IBM or

compatible XT or AT personal computer. Biological and physical data were

plotted directly from ASCII files using a Macintosh SE computer and a laser

printer.

18



PART III: THE BIVALVE COMKUNITY

Community Characteristics-Oualitative Data

27. A total of 1,970 bivalves was collected in 132 separate qualitative

samples at sites in Pools 24, 14, and 10 in July 1991 (Table 3). Amblema

plicata plicata dominated, comprised 41.02 percent of the collection, and was

found in 94.70 percent of the samples. Plotting the relative abundance of

each species versus its rank for the entire qualitative collection (Figure 5)

illustrates that the assemblage spanned three orders of magnitude. Amblema

plicata plicata was approximately five times as abundant as the next common

species, •uadrula pustulosa, which comprised 8.73 percent of the fauna.

Fifteen species were common and comprised from 8.73 to 1.57 percent of the

Freshwater Mussels
UMR . 1991

Qualitative Collections
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Figure 5. Percentage abundance and frequency of occurrence
versus species rank for all mussels collected using
qualitative methods at RM 299.6, 504.8, and 635.2

in the UMR, 1991
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collection, and 12 species made up less than 1 percent of the assemblage.

Although 23 species were collected, more than 64 percent of this fauna con-

sisted of four spec es (Figure 5 and Table 3). The relationship between

frequency of occurrence and species rank spanned two orders of magnitude

(Figure 5 and Table 3). Fifteen species were found in more than 10 percent of

the samples, and 10 species were found in more than 25 percent of the samples.

Only one specimen of four species were taken in the total collection of 1,970

individuals.

28. The relationship between percentage abundance and species rank for

the qualitative collection at each of the three sites studies in 1991 (RM

299.6, RM 504.8, and RM 635.2) appears in Figure 6 (also see Appendix A,

Tables Al-A6). The collection from RM 635.2 was characterized by the strong

dominance of a single species (A. p. plicara), whereas collections from the

other two locations were more evenly distributed. Aside from this difference,

distribution of species within the assemblage was relatively similar at all

three beds.

29. A plot of cumulative species versus cumulative individuals (refer-

red to as species-area curves) provides a mechanism for determining the diffi-

culty of obtaining rare species. At the three sites where qualitative samples

were taken, these relationships indicated that the majority of species present

were found after 200 individuals had been collected (Figure 7). A determina-

tion of the relationship between species present and sampling effort provides

an indication of the ability to collect uncommon species. This index can be

used to evaluate the effects of commercial navigation traffic or other factors

that alter habitat on the ability to find uncommon species.

Bivalve Density

30. At RM 299.6, total bivalve density at the nearshore site was sig-

nificantly less (P < 0.0001) than at the farshore site (5.1 individuals/sq m)

(Table 4 and Figure 8). There were no significant intersite differences

(P > 0.05) at either RM 504.8 or 635.2 (Tables 5 and 6 and Figure 8). Fresh-

water mussels are found in a relatively narrow band along the shore, not in

the main channel. The farshore site at RM 299.6 was on the outer periphery of

the bed. At the other two mussel beds (located at RM 504.8 and RM 635.2),

both nearshore and farshore sites were located away from the periphery of the
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Figure 6. Percentage abundance versus species rank
for mussels collected using qualitative methods at

three locations in the UMR, 1991

bed. Percentage abundance of dominant unionids remained relatively similar at

nearshore versus farshore site at RM 504.8 and 635.2 (Figure 9).

31. As the quanti~tative samples were processed, the number of fresh

dead bivalves (individuals that were obviously dead but still had tissue

within the valves) were enumerated (Table 7). As the results illustrate,

there were few fresh dead mussels at any of these mussel beds. Information on

abundance of fresh dead shells will be used to assess effects of commercial

navigation traffic on native mussels.
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32. Relative abundance of dominant species at the three mussel beds

studied in 1991 was relatively similar regardless of sampling technique (i.e.,

quantitative or qualitative, Figure 10). Amblema plicata plicata dominated at

RK 635.2; Obliquaria reflexa and Ellipsarla lineolata became less abundant

moving up river.
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Figure 8. Mean density and standard error bars for
freshwater mussels collected at three locations in

the UMR, 190i

33. Species diversity (H') was moderate at RM 299.6 (2,29) and at RM

504.8 (2.37) but comparatively low at RN 635.2 (1.77) (see Tables Bl-B3,

Appendix B). Evenness (J), which can range from near 0 to near 1,0, was high

at RM 299.6 and RM 504.8 (0.79 and 0.75). but low at RM 635.2 (0.56). Com-

mur.ity indices were relatively similar regardless of whether qualitative or

quantitative techniques were used (Figure 11). The bed at RM 635.2 showed a

comparatively lower diversity and higher dominance value, mainly because of

the high abundance of A. p. plicata (see also Tables BI-B3, Appendix B).
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Figure 9. Relative species abundance of
dominant unionids based on results of
quantitative sampling at nearshore and
farshore sites at two locations in the

UMR, 1991

34. The number of individuals and species present that were less than

30 mm total SL can be used as an indication of recent recruitment and a mea-

sure of the overall health of the mussel bed. Percentage of individuals less

than 30 mm ranged from 17.2 to 22.8 and were not substantially different among

mussel beds (Tables Bl-B3, Figure 12). The percentage of species present that

had representatives less than 30 mm SL was similar at all mussel beds and

ranged from 45.8 to 55.5 percent.
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Quantitative Samples
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Figure 10. Relative species abundance of
dominant unionids based on results of
quantitative sampling at three loca-

tions in the UMR, 1991

35. Species area (Figure 13) and dominance-diversity plots (Figure 14)

were prepared for the quantitative samples collected at the three mussel beds

studied in 1991. Species area curves were similar for each bed; after approx-

imately 250 individuals had been collected, the majority of the species had

been found. Mussel community structure was similar at beds in Pools 24 and

14. The bed in Pool 10 exhibited a strong dominance by two species (A. p.

plicata and Truncilla truncata). An examination of changes in the ability to

collect uncommon species or the relationship between species rank and relative
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Quantitative Samples
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Figure 11. Community indices at three
locations in the UMR based on the
results of quantitative sampling, 1991

species abundance for the entire assemblage provides an indication of the

overall stability of the mussel bed.

Presence of Lampsilis higginsi

36. Lampsilis higginsi, listed as endangered by the USFWS (1987), com-

prised 0.71 percent (14 individuals) and was found in nearly 10 percent of thF'

qualitative samples (Table 3). Lampsilis higginsi ranked 16th out of 24 spe-

cies of bivalves. Ten L. higginsi were collected using qualitative methods at
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Figure 12. Percentage of individuals and species less
than 30 mm total shell length at three locations in

the UMR, 1991

RM 504.8 and four were collected at RM 635.2. Using quantitative methods, six

and two individuals were collected at these two beds, respectively. Lampsilis

higginsi has not been found at the mussel bed in RM 229.6. Table 8 includes a

summary of L. higginsi collected in the past 3 years by WES personnel.

Demograghic Analysis

37. The size demography of mussel populations was similar at nearshore

and farshore sites for all species in all pools. Thus, the following analysis

of size structure considers nearshore and farshore sites together. Size fre-

quency histograms for mussels collected in 1991 appear in Appendix C.

27



Qm=tat&e SUmpi
Rll Mil 2•.A - 199

20

Is

I~ oilr-
Om

55 .... I .... U1*** .. ******

I S# 110 150 200 250 300 3S5

CW~~~~hCmhev hMTMhCvk"ldWa

M th ree 5l4o8at1n1 in the US -1199
25 25

nan unigOid0-O000Pool 2

* @0

20 S 0

vidualssameledfrom dth s pouainws 4t 1 m, 6pecn t wererepre-

lenth Figure 13). Thscuoul rtv sprobabl represens 1989ulatuiv e nt ndv u a nd
growth se on thistaiv sapingl yercas eas fo freshihwatrmselatv abudne

8. A. eapiaaplct.Atog *h toa ierng f6 n

setd by4 10igechr frcn erit agn rm2 o3 m

Cegh(i ure C1) Thdis ohrtprba yrereetsca1989 recr yuiena nd

growh obahse onqatttvsapingeyarlsbcue forfets hwae muselstv abudne

should be easily monitored during subsequent years.

28



Qauaitative Sampks
WAR Kille ~LUJ- 1I1

its

1000
00

is1 00

i 2 1i sS 2i 25

SocMIt in. i•iR the 299A 1191

10 go 00

10 000 00.0

000000.1 OO

0.1*............ , . ,•v ......... ,...... 6!~ . .i. . u. . ' " l ' '
0 5 10 15 20 25 0 S 10 15 20 is
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mussels collected using quantitative methods at three

locations in the UMR, 1991

39. Corbicula fluminea. Twenty-two individuals were obtained that

appeared to represent a single cohort of this population (Figure C2). All

twenty individuals ranged from just 8 to 14 mm in length.

40. Ellipsaria lineolata. Sixty-three individuals were obtained, and

they ranged in length from 30 to 96 mm (Figure C3). The population structure

provides evidence of constant annual recruitment,

41. ObliquarLa reflexa. A small sample (39 individuals) could not be

analyzed in detail. However, the most abundant cohort appeared to be centered
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at 40 to 42 mm in length and probably represented mussels 3 or 4 years old

(Figure C4).

42. Trunc.lla truncata. Only 38 individuals were obtained of this

small species (Figure C5). Three of four cohorts appeared to be present rang-

ing in size from 22 to 46 mm, suggesting a life span of 3 to 4 years.

Size demography of domi-
nant unionids in Pool 14

43. Amblema plicata plicata. Three consecutive year classes of recent

recruits were distinct and relatively abundant (Figure C6). Individuals

centered at 16 to 18 mm in length probably represented 1990 recruits and com-

prised 9 percent of the population. The next larger cohort was centered at 26

to 28 mm in length, probably represented 1989 recruitme,,t, and comprised 16

percent of the population. The third young cohort was centered at 36 to 40 mm

in length, represented 1988 recruitment, and comprised 16 percent of the popu-

lation. The regular spacing of these three distinct, young cohorts suggested

an average annual growth increment of 10 mm during early life. Mussels rang-

ing from 50 to 60 mm in length were not abundant relative to both smaller and

larger size classes, and this paucity of intermediate-size mussels probably

reflects a year or two of poor recruitment. The remainder of the population

was comprised mostly of mussels 60 to 90 mm in length, with the largest indi-

vidual measuring 102 mm in length. As for most long-lived species, the rela-

tively small annual increment of growth during later life makes it impossible

to distinguish individual year classes among large, old individuals.

44. Ellipsaria 1ineolata. The 51 individuals obtained of this species

ranged from 12 to 84 mm in length (Figure C7). Most mussels were 32 to 66 mm

long. Some recent recruitment was clearly indicated by the presence of indi-

viduals just 12 to 20 mm long.

45. Fusconala flava. A sample of 65 individuals represented a size

range of 16 to 76 mm (Figure C8). Detailed analysis of demography was not

possible because individual cohorts could not clearly be distinguished.

46. Lepr')dea fragilis. Thirty-eight of 50 individuals collected were

less than 64 mm in length, and the largest mussel obtained was 94 mm in length

(Figure C9). This species population showed evidence of constant annual

recruitment.

47. Megalonaias nervosa. Forty-one individuals were collected ranging

from 32 to 138 mm in length (Figure CIO). This species population showed

evidence of constant annual recruitment.

30



48. Obliquaria reflexa. A large sample (122 individuals) was obtained.

The population appeared to include four cohorts, centered at 20, 34, 42, and

50 mm length, respectively (Figure ClI). Longevity of approximately 4 years,

indicated by the four cohorts, is not unreasonable for this moderately small

unionid.

49. Obovaria olivaria. Although 49 individuals were obtained, not much

pattern could be distinguished in population size demography (Figure C12).

Mussels ranging only from 50 to 60 mm in length comprised 73 percent of a

population with total size range of 36 to 62 mm. High relative abundance of

these moderately large individuals probably obscured patterns that otherwise

would be detectable.

50. Quadrula pustulosa. Evidence of moderatoly strong recent recruit-

ment was apparent for this species (Figure C13). S.x percent of this

population was represented by the 1990 cohort that ranged in length from 8 to

14 mm. The 1989 cohort ranged from 16 to 20 mm in length and contributed

another 6 percent of the total sample. Multiple year classes were represented

among the remaining individuals that ranged up to 62 mm in length.

51. Quadrula quadrula. Like Q. pusrulosa, Q. quadrula showed evidence

of moderately strong recent recruitment, with mussels from 16 to 24 mm in

length comprising 8 percent of the population (Figure C14). Mussels of all

sizes from 16 to 86 mm in length were amply represented in the sample, indi-

cating generally consistent annual recruitment.

52. Truncilla trunca a. A large sample (277 individuals) indicated two

and possibly three cohorts (Figure C15). The smallest cohort was centered at

20 to 22 mm in length and comprised approximately 26 percent of the popula-

tion. The next largest cohort was centered at 32 to 40 mm length and com-

prised an additional 70 percent of the population. A third and larger cohort,

centered at 46 mm length, was suggested by a "shoulder" on the upper end of

the size distribution of the abundant, intermediate-size cohort. The three

possible cohorts probably represent 1990, 1989, and 1988 recruitment,

respectively.

Size demography of dominant
unionids at RM 635.2 in Pool 10

53. Amblema plicata plicata. A total of 479 individuals of this spe-

cies were obtained (Figure C16), and recent recruitment was strong. The smal-

lest cohort, probably representing 1990 recruits, was centered at 12 to 18 mm

in length. This cohort comprised 14 percent of the total population. Of
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approximately equal relative abundance (15 percent) was the next largest

cohort of 1989 recruits centered at 28 to 34 mm in length. The 1988 year

class was not as abundant (4 percent), but could be distinguished as a minor

cohort centered at 44 to 48 mm in length. The regular spacing of these three

smallest cohorts indicates an average annual growth increment of approximately

16 mm during the first few years of life. The remaining 67 percent of the

population ranged from 52 to 110 mm in length and was comprised of several

adjacent cohorts whose size distributions overlapped too extensively to allow

individual cohorts to be distinguished.

54. Fusconaia flava. As for A. p. plicata, F. flava showed evidence of

recent and relatively strong recruitment and included larger individuals (up

to 72 mm long, Figure C17). The relatively small sample size did not allow

detailed analysis of size demography.

55. Leptodea fragilis. Thirty-three individuals were collected ranging

from 20 to 94 mm in length (Figure C18). Detailed analysis was not possible

because there were few individuals in the sample.

56. Megalonaias nervosa. A small sample (34 individuals) of this spe-

cies indicated a size range of 18 to 138 mm without any major gaps (Figure

C19). Thus consistent annual recruitment was indicated.

57. Obliquaria reflexa. Only 28 individuals were collected of this

moderately small species (Figure C20). Slight discontinuities in size distri-

bution suggested three distinct cohorts centered at 22 to 26 mm, 32 to 36 mm,

and 42 to 50 mm in length, respectively.

58. Potamilus alatus. Only 25 individuals were obtained of this spe-

cies (Figure C21). The total size range was 52 to 118 mm in length, with

76 percent of the population ranging only from 62 to 84 mm in length.

59. Truncilla truncara. The maximum size of 58 mm observed is a rea-

sonable approximation of the maximum length usually achieved by T. truncata

(Figure C22). A large sample (123 individuals) accommodated relatively

detailed analysis. Two abundant cohorts were clearly evident; the smaller was

centered at 20 to 24 mm in length, and the larger at approximately 38 mm in

length. A third and much less abundant cohort with average SL of approx-

imately 46 mm was also identified. If these three cohorts are assumed to

represent 1990, 1989, 1988 cohorts, the low relative abundance of the oldest

and largest cohort suggests that only a few individuals live 3 years.

32



PART IV: PHYSICAL EFFECTS OF COMMERCIAL VESSEL PASSAGE

Background

60. Water velocity was measured with the Model S27 Marsh McBinney cur-

rent meter at two to four locations (on a transect running from near to far-

shore) for 29 vessel passages in July 1991 (Table 9). Data were collected at

RM 299.4 (Pool 24) and RM 504.7 (Pool 14). Sensors were placed at distances

ranging from 50 to 400 ft from the bank. Water velocity data were collected

where there were diverse mussel assemblages; quantitative data on mussels were

obtained 100 and 200 ft from the RDB at RM 299.6, and 160 and 300 ft from the

RDB at RM 504.8 (Table 2). A summary of information on vessel passages

appears in Table 9. Summary statistics for selected passages appear in

Appendix D, and individual plots nf water velocity appear in Appendix E. Each

vessel passage event was lrI 4 d a test; these are numbered consecutively.

61. Plates in Apr-r'ix E are arranged as follows: the top two figures

contain individual X-1 plots for velocity, the middle two figures contain the

net or combined velocity, and the bottom two contain the compass direction.

Four sensors were deployed for Tests 1-9 and Tests 18 and 19; two sensors were

deployed for Tests 10-14 and 20-29. Only a single sensor was deployed for

Tests 15-17.

62. Tests were divided into two groups: those in which vessel passage

caused little or no change in ambient water velocity, and those that caused

minor but measurable change in water velocity. Selected passage events in

which there were no measurable changes in velocity (Tests 1, 9, 11, 16, and

20-24) were not plotted.

Events Causing Little or No Measurable Effects

63. Twenty-three passages were classified as having caused little or no

measurable change in velocity. Twelve of these were plotted; the test number

and corresponding figures are as follows: Test 2 (Figures El and E2), Test 3

(Figures E3 and E4), Test 5 (Figures E7 and E8), Test 6 (Figure E9), Test 10

(Figure E14), Test 12 (Figure El5), Test 14 (Figures E16), Test 18 (Figures

E19 and E20), Test 19 (Figure E21), Test 25 (Figure E22), Test 27 (Figure E24)

and Test 29 (Figure E25) (Appendix E). Situations such as these were caused

by the vessel passing too far into the channel to have a nearshore effect, or
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if water levels and velocities were such that only minor (not measurable)

effects took place. As an example of a minor change in velocity, see the plot

of data collected at sensor 940 for Test 10 (Figure E14). A slight decrease

in velocity was noted on the X-axis and the combined (net velocity) during and

immediately after passage.

Minor Effect of Vessel Passage

64. Six vessel passages caused minor changes to water velocity that was

discernible at one or more sensors. Minor velocity changes were noted for

Test 4 (Figures E5 and E6), Test 7 (Figures E1O and Ell), Test 8 (Figures E12

and E13), Test 15 (Figure E17), Test 17 (Figure E18), and Test 26 (Figure

E23). These are examples of water velocity changes caused by vessel movement

that was barely measurable. For example, the mean combined velocity in Test

4, Sensor 942 (Figure ES), as the vessel passed was 1.83 ft/sec. After the

vessel had passed out of the area, the mean combined velocity increased to

2.01 ft/sec. A downbound vessel caused a decrease in ambient velocity. This

is because the vessel displaces water, which moves upstream, temporarily

negating normal flow (see also Test 7, Figure El0). These velocity measures

were made where freshwater mussels were found. Changes in velocity associated

with vessel movement were usually 100 sec or less.

65. An upbound vessel caused an increase in velocity because water

displacement moves downriver (see Figure E17, Test 15). Mean velocity on the

Y-component during this vessel passage was 0.71 ft/sec. After the vessel had

passed, mean velocity was approximately 50 percent of this value, or

0.43 ft/sec. This change was apparent in the combined velocity, although not

in direction of flow (bottom figure in Figure E17). None of the water veloc-

ity changes noted during 1991 were as extensive as those found in 1990 (Miller

and Payne 1992).
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PART V: DISCUSSION

Background

66. The purpose of this research is to document important biotic and

physical attributes at prominent mussel beds in the UMR. This information

will be used to determine if biological conditions have changed through time

as a result of disturbance caused by movement of commercial vessels. Six

attributes of mussel assemblages were identified for use in evaluating change.

Physical effects studies being conducted at beds where biological data are

collected are being used for analysis of cause and effect. Although more data

must be collected, recently collected information can be used to evaluate

conditions at these beds. The purpose of the following section is to examine

the six attributes of the mussel fauna at these beds using data collected

since 1988.

The Six Attributes of Healthy Mussel Beds

Decrease in density of
five common-to-abundant species

67. For this attribute, both density (individuals per sq m) as well as

relative species abundance (percent composition of species in a mussel bed)

will be considered. At RMs 299 and 504, density changes since 1988 of three

common species (T. truncata, 0. reflexa, and E. lineolata) were variable and

showed no specific trends (Figure 15). At RM 504, densities of T. truncata,

0. reflexa, and E. lineolata (relatively short-lived species) have actually

increased through time. At RM 299, densities have either stayed the same or

decreased. At RM 504, these three species have remained at about the same

percentage of the fauna, although year-to-year densities show moderate

increase (Figure 16). At RM 299, the relative abundance of these three spe-

cies has remained essentially the same since 1988 (Figure 16). Although only

2 years of data are available for the main channel of the UMR at Mile 635.2,

it is apparent that there have been no dramatic changes in relative species

abundance of five dominant species between 1989 and 1991 (Figure 17).

68. Data from qualitative sampling can also be used to evaluate changes

in relative species abundance. At RM 299, the abundance of E. lineolata

appears to have declined slightly compared with the other species (Figure 18).
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Figure 15. Mean density of dominant unionid

species at two locations in the UMR, 1991

At RM 504, relative species abundance remained relatively similar for the

3 years except for 1989 when 0. reflexa was comparatively high and E.

1neolata was comparatively low. Only minor changes in community composition

were noted between 1989 and 1991 at RM 635.2 (Figure 19).

69. In summary, relative species abundance or dramatic changes in den-

sity have not been noted based on the information collected to date. It is

likely that inter-year variation, mainly because of having collected at

slightly different locations each year, is due to chance variations. Changes

in relative abundance of relatively short-lived species (for example T.

truncara) are reasonable, especially since they do not always successfully

recruit in large numbers each year.
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Figure 16. Percentage abundance of dominant
species in 1988. 1989, and 1991 at two loca-

tions in the UMR. 1991

Presence of L. hig-
ginsi (if within its range)

70. Lampsilis higginsi appears to comprise about 0.5 percent of the

assemblage in quantitative samples. and often more than I percent of the fauna

in qualitative samples (Table 8). Because the divers tend to collect fewer

small species (Truncilla spp) when sampling qualitatively, the relative abun-

dance of larger size individuals, such as L. higginsi, will be slightly

greater. Although this species has never been abundant in large rivers (Hig-

gins' Eye Mussel Recovery Team 1982), its numbers do not appear to be changing

based on these data.
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Figure 17. Percentage abundance of dominant species in 1989 and
1991 in quartitative samples at RM 635.2 in the UMR, 1991

Live-to-recently-dead

ratios for dominant sDeciles

71. In quantitative samples taken in the UMR, often more than 50 per-

cent of the shells can be considered "relics" and may have been dead for many

years. One objective of this research is to quantify the number of "fresh

dead" mussels taken in the quantitative samples. These are defined as mussels

that are dead but still have tissue attached to the shells. Recently dead

mussels comprised less than 1 percent of the samples (Table 7), which was

similar to findings in 1990.

Loss of more than
25 percent of the mussel s1ecies

72. The number of species collected is directly related to the number

of individuals collected. Based on quantitative samples tiken at RM 299, the

number of species appeared to increase between 1988 and 1989 (Figure 20).
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Figure 18. Percentage abundance of dominant
species in 1988, 1989, and 1991 at RM 299

and 504 in the UMR, 1991

However, more individuals were collected in the latter year providing an

opportunity to collect more species. The number of species and individuals

collected using quantitative methods was only slightly greater at RM 504 in

1989 and 1991 than in 1988 (Figure 20). The number of species collected using

qualitative methods (usually a greater number of individuals are taken allow-

ing for more species to be found) was similar in all study years at RM 299 and

RM 504 (Figure 21). Species diversity and evenness have remained relatively

the same for all study years at RMs 299 and 504 (Figure 22).
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Figure 19. Percentage abundance of dominant species in 1989
and 1991 in qualitative samples at RM 635.2 in the UMR, 1991

Evidence of

recent recruitment

73. The percentage of all mussels and of all mussel species was vari-

able at RM 299 (Figure 23). A comparatively high percentage of recent

recruits was found in 1989 but not in 1988 or 1991. The number of species

with representatives less than 30 mm declined slightly during the 3 study

years. Less variability in recruitment was found at RM 504. Percentages of

adults and individuals with representatives less than 30 mm total SL was

slightly less in 1991 than the previous years. The percentage of small indi-

viduals at RM 635.2 was slightly less in 1991 than in 1989 (Figure 24). How-

ever, the total number of species collected and species diversity and evenness

were relatively similar during the 2 study years.
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Figure 20. Percentage abundance of dominant
species in 1988, 1989, and 1991 in quantita-
tive samples at RH 299 and 504 in UNR, 1991

A significant change in growth

rates or mortality of dominant species

74. Size demography data can now be analyzed for three relatively abun-

dant species, A. plicata, 0. reflexa, and T. truncata, in Pool 14 based on

data collected in 1988, 1989, and 1991. The three episodes of July sampling

in this pool spanning a 4-year period clearly demonstrate the value of long-

term monitoring of mussel beds.

75. Size demography of A. p. plicata in 1991 (Figure 25) indicated 3

consecutive years of strong recent recruitment (the three peaks centered at

18, 28, and 38 mm in length), preceded by approximately 3 years of weak
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Figure 21. Number of individuals and species
in qualitative samples collected in 1988,
1989, and 1991 at RM 299 and 504 in the

UKR, 1991

recruitment (the valley from 45 to 65 mm). Prior to this, there were several

years of generally strong recruitment (the abundance of mussels ranging from

70 to 90 mm in length). In 1989, this population showed only one strong

recent year class, the 1989 cohort. In 1988, recent recruits were not evi-

dent. (The 1987 cohort was probably still too small to be sampled in July

1988). In 1988, there was a paucity of mussels less than 50 mm in length,

indicating several years (perhaps 1986 through 1984) of weak recruitment.

These years of low recruitment were apparent in the size frequency distribu-

tion as a "valley" ranging from 30 to 60 mm in 1989 and 45 to 65 mm in 1991
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Figure 22. Species diversity and evenness
quantitative samples collected in 1988,
1989, and 1991 at RH 632 in the UMR, 1991

(Figure 25). Occasional periods of low recruitment are common in long-lived

species such as A. p. plicata. One interpretation of the 1988 results, when

hardly any recent recruits to the A. p. plicata population were found, might

have been to predict a population facing future decline because of poor

recruitment conditions. However, subsequent sampling in 1989 and 1991 indi-

cated a return to strong recruitment and an expected pattern of annual incon-

sistency in recruitment of long-lived mussel species.
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76. The size demography of 0. reflexa, a moderately large mussel of

intermediate longevity, generally showed three or four cohorts in 1988, 1989,

and 1991 (Figure 26). Although a single mussel as large as 93 mm in length

was obtained in 1988, the general paucity of mussels greater than 50 mm

reflects a life span of approximately 4 to 5 years for most individuals in

thts population. This population exhibited annual inconsistency in recruit-

ment strength. For example, the strength of the 19F4 cohort relative to the

1987 cohort was apparent in 1988, and this difference was sustained in 1989.
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Figure 24. A comparison of diversity, evenness, recruitment
strength, number of individuals, and species in quantita-

tive samples collected at RH 635.2 in the UMR, 1991

A growth curve for this species based on year class assignments as suggested

in Figure 26 is presented in Figure 27.

77. Truncilla truncata is smaller and slightly shorter-lived than 0.

reflexa. Three cohorts were always discerned in this population (Figure 28)

and suggested a life span of approximately 3 years. The low relative abun-

dance of the largest cohort (> 40 mm in length) in all July 1988, 1989, and

1991 indicates that few if any mussels survive through their fourth summer. A

growth curve for this species based on year class assignments in Figure 28 is

presented in Figure 27.

78. There were few differences in growth at nearshore and farshore

sites for 0. reflexa and 0. olivaria collected in Pool 14 (Figure 29). These

data are based on growth studies initiated in 1990. Future monitoring of

growth, either from enclosure studies or from shell ring measurements, will be

used to assess the possible effects of vessel traffic.
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Figure 27. Growth rates of Truncilla truncata
and Obliquaria reflexa near RM 504, Pool 14,
based on size demography data (Numbers indi-

cate assumed year class)
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Figure 29. Growth rates of Obliquaria reflexa
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79. Much has been published on the effects of commercial navigation

traffic in the last 10 to 15 years and has appeared mostly in the government

or nonrefereed literature (Virginia Polytechnic Institute and State University

1975; Academy of Natural Sciences of Philadelphia 1980; Berger Associates,

Ltd. 1980; Sparks, Thomas, and Schaeffer 1980; US Army Corps of Engineers

1980; Lubinski et al. 1980, 1981; Environmental Science and Engineering 1981,

1988; Kennedy, Harber, and Littlejohn 1982; Rasmussen 1983; Simons et al.

1981; Simons, Ghaboosi, and Chang 1987; Wuebben, Brown, and Zabilansky 1984;

and Nielsen, Sheehan, and Orth 1986). Wright (1982) reviewed these papers and

considered most to be speculative. Regardless, the increasing use of inland

waterways to transport bulk commodities (Dietz et al. 1983), and the recent

articles on impacts of waterway use in Europe (Brookes and Hanburv 1990; Haen-

del and Tittizer 1990) illustrate that this is still an important issue.

80. The pulse of velocity and turbulence associated with vessel passage

is usually considered to be the major detrimental effect of commercial traf-

fic. It has been suggested that vessel-induced change in magnitude and direc-

tion of flow negatively affects benthic organisms by scouring substrates and

resuspending fine-grained sediments. Tolerances of many aquatic organisms to

sustained, specific levels of turbulence, water velocity, or suspended solids

is known either from laboratory or field studies. Intermittent disturbances

caused by vessel movement, pulses of suspended sediments, changes in water

velocitj, and periods of desiccation, can be simulated in the laboratory.

Navigation-related laboratory studies have been conducted on fish eggs (Morgan

et al. 1976), fish larvae (Killgore, Miller, and Conley 1987; Holland 1986;

Payne, Killgore, and Miller 1991), plankton (Stevenson et al. 1986), and

freshwater mussels (Aldridge, Payne, and Miller 1987; Payne and Miller 1987).

Results of most studies demonstrated that mortality or physiological stress

could be measured under conditions corresponding to high traffic intensity.

In the field, discharge, flow patterns, bathymetry, and sediment character-

istics have complex influences on vessel-induced disturbances. It is

extremely difficult to estimate an organismal response to these intermittent

physical effects, and it is even more difficult to accurately predict long-

term responses of natural populations to such disturbances. Results of the

few navigation-related field studies that have been conducted are character-

ized by extreme spatial and temporal variability so that clear patterns of
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navigation effects often cannot be discerned (Sparks, Thomas, and Schaeffer

1980; Bhowmik et al. 1981a, 1981b; Seagle and Lumwalt 1981; Eckblad 1981;

Eckblad, Volden, and Weilgart 1984; Environmental Science and Engineering,

Inc. 1981). In addition, nat -al climatic and hydrologic conditions often

overwhelm navigation effects (Johnson 1976).

81. An examination of the six attributes of a mussel bed that define

its health or well-being were made based on studies conducted in the UMR since

1989. In most cases, 3 full years of comparison were made. An examination of

these six attributes reveals that they are stable at these mussel beds.

Future studies will be needed to determine if important indices such as rate

of growth, density, species richness and diversity, etc., continue to remain

stable. A detailed examination of physical effects of traffic at the sites

where biological information is being collected is necessary to thoroughly

evaluate effects of commercial traffic. Planners and resource managers are

encouraged to make careful evaluations using these data rather than specula-

tion based on "best estimates" or qualitative assessments such as habitat-

based methods.
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Table 1

Summary of Biological and Physical Studies Conducted in the

Navigation Traffic Effects Study. UMR. 1988-94

Fiscal Year
Pool RM 88 89 90 91 92 93 94

24 299 Qual Qual Qual Qual
Quant Quant Quant Quant

Growth --------------------------
Physical

17 450 Qual Qual Qual Qual
Quant Quant Quant Quant

Growth --------------------------------------
Physical

14 504 Qual Qual Qual Qual
Quant Quant Quant Quant

Growth -----------------------------------------------
Physical Physical

12 571 Qual Qual Qual Qual
Quant Quant Quant
Growth --------------------------------------
Physical

10 (MC) 635 Qual Qual Quant Quant
Quant Qual Qual
Growth -----------------------------------------------
Physical Physical

Notes: Quant - quantitative samples.
Qual - qualitative samples.
Growth - marked mussels are placed for analysis of rate of growth.
Physical - measures of water velocity and total suspended solids

following passage of a commercial vessel.
MC - main channel.

Precise river miles are not given on this table since exact sample
site location varies slightly (0.1 to 0.4 mile) each year.



Table 2

Ouantitative and Qualitative Mussel Collections in the UMR, 1991

River Distance to Depth Qualitative Quantitative
Mile Subsite shore, ft ft Samples Samples

8-11 July 1991, Pool 24

299.6R 1 110 14 12 --
299.6R 2 50 12 12 --
299.6R 3 200 20 12 --
299.6R 1-3 100 11 -- 30
299.6R 4-6 200 12 30

13-16 July 1991, Pool 14

504.8L 1-3 160 14 -- 30
504.8L 4-6 300 14 -- 30
504.8L 1 120 10 12 --
504.8L 2 180 13 12 --
504.8L 3 75 7 12 --
504.8L 4 350 20 12 --

19-20 July 1991, Pool 10

635.2R 1-3 75 11 -- 30
635.2R 4-6 180 17 -- 30
635.2R 1 50 14 12 --
635.2R 2 135 18 12 --

635.2R 3 160 18 12 --
635.2R 4 175 20 12 --



Table 3

Relative Abundance and Frequency of Occurrence of Freshwater Mussels

Collected Using Qualitative Technigues in the UMR. July 1991

Species .... Individuals % Sam oles _.

Amblema plicata plicara (Say 1817) 808 41.02 125 94.70
Quadrula pustulosa (Lea 1831) 172 8.73 64 48.48
Megalonaias nervosa (Rafinesque 1820) 152 7.72 75 56.82
Quadrula quadrula (Rafinesque 1820) 146 7.41 73 55.30
Ellipsaria lineolata (Rafinesque 1820) 113 5.74 43 32.58
Obliquaria reflexa (Rafinesque 1820) 107 5.43 55 41.67
Truncilla truncata (Lea 1860) 107 5.43 55 41.67
Fusconaia flava (Rafinesque 1820) 82 4.16 52 39.39
Leptodea fragilis (Rafinesque 1820) 59 2.99 42 31.82
Lampsilis ventricosa (Barnes 1823) 45 2.28 38 28.79
Obovaria olivaria (Rafinesque 1820) 43 2.18 32 24.24
Potamilus alarus (Say 1817) 31 1 57 28 21.21
Anodonta grandis (Say 1829) 17 0.86 14 10.61
Quadrula metanevra (Rafinesque 1820) 16 0.81 14 10.61
Strophirus undulatus (Say 1817) 14 0.71 14 10.61
Lampsilis higginsi (Lea 1857) 14 0.71 13 9.85
Ligumia recta (Lamarck 1819) 13 0.66 12 9.09
Elliptio dilatata (Rafinesque 1820) 10 0.51 10 7.58
Quadrula nodulata (Rafinesque 1817) 9 0.46 9 6.82
Arcidens confragosus (Say 1829) 8 0.41 8 6.06
Actinonaias ligamenrina (Lamarck 1819) 1 0.05 1 0.76
Lasmigona complanata (Barnes 1823) 1 0.05 1 0.76
Anodonta imbecillis (Say 1829) 1 0.05 1 0.76
Lampsilis radiata (Gmelin 1791) 1 0.05 1 0.76

Total individuals 1,970
Total species 23
Total samples 132

Note: Samples were collected at mussel beds in Pool 24 (RN 299.6), Pool 14
(RM 504.8), and Pool 10 (RM 635.2).



Table 4

Summary Statistics for Unionids (Average Density and Standard Error (SE))

Collected in 0.25 m2 Quadrats at RM 299.6R. Pool 24, UMR. 1991

Distance to
Subsite shore, ft Density SE

1 100 4.4 1.62

2 100 8.0 2.59

3 100 2.8 0.85
Total 100 5.1 1.10

1 200 42.8 8.92
2 200 34.0 4.63
3 200 28.4 3.12
Total 200 35.1 3.56

Analysis of Variance (between sites):

64.8 0.0001

* Probability of a greater F value.



Table 5

Summary Statistics for Unionids (Average Density and Standard Error (SE))

Collected in 0.25 m2 Quadrats at RM 504.8R. Pool 14, UMR. 1991

Distance to
Subsite shore, ft Density SE

1 160 93.6 7.23
2 160 92.8 7.03
3 160 68.0 11.17
Total 160 84.8 5.36

1 300 84.4 9.24
2 300 73.2 5.72
3 300 86.8 18.87
Total 300 81.4 4.13

Analysis of Variance (between sites):

F _R>_*
0.24 0.624

* Probability of a greater F value.



Table 6

Summary Statistics for Unionids fAvera-Ke Density and Standard Error (SE))

Collected in 0.25 m2 Quadrats at RM 635.2. Pool 10. !MR, 1991

Distance to
Subsite shore. ft Density SE

1 75 70.0 6.54
2 75 61.6 5.59
3 75 56.4 5.92
Total 75 62.7 3.52

1 180 42.0 5.13
2 180 52.4 3.06
3 180 62.0 6.59
Total 180 52.1 3.24

Analysis of Variance (between sites):

FR_
4.85 0.0316

* Probability of a greater F value.



Table 7

Total Number and Percent Lamesilis higginsi Taken in qualitative

and Quantitative Samples in the UMR, 1988-91

Ouantitgtive Qualitative .
Total L. higginsi Total L. higginsi

Location Mussels Tot l Mussels Total

Pool 24 (RM 299)
1988 78 -- 326 --

1989 1143 -- 648 --

1990 -...- --

1991 301 -- 465 --

Pool 17 (RM 450)
1988 ... .. 567 1 0.18
1990 .-.- - --

Pool 12 (RM 570)
1989 ... .. 98 - --

1990 408 5 1.22 518 5 0.98

Pool 14 (RM 505)
1988 253 1 0.40 734 8 1.09
1989 1131 1 0.09 961 5 0.52
1991 1247 3 0.2'i 815 10 1.23

Pool 10 (RM 635)
1988 845 2 0.24 699 12 1.72
1989 1616 11 0.68 212 0 --

1991 861 2 0.23 690 4 0.58

Note: More precise river miles cannot be given since there were variations of
0.1 to 0.4 miles each year.



Table 8

Number of Fresh Dead Mussels (Tissue Present) in QuaIntitative Samples
Collected at RM 299.6. 504.8. and 635.2. UMR. July 1991

Subs ite
Location 1 2

RM 299.6
100 ft from RDB 0 0 0
200 ft from RDB 1 0 0

RM 504.8
160 ft from LDB 1 0 2
300 ft from LDB 1 0 0

RM 635.2
75 ft from RDB 1 0 2

180 ft from RDB 0 0 0



Table 9

Physical Information Pertaining to Vessel Passage. UMR. July 1991!

Date Event Test River Config Total Vessel Vessel Vessel
July No. No. Nite Vessel Name (txw) Barges Cord Dist Direction

8 1 1 299.4R Carole Brent 1x2+1 3 Unloaded 675 Upriver
8 2 2 299.4R Rusty FLowers 53O1 16 Unloaded 700 Upriver
8 3 3 299.4R Hornet Jenco 5x3 15 Loaded 950 Downrriver
8 4 4 299.4R J. W. Hershey 4x3 12 Loaded 950 Doonriver
8 1 5 299.4R Sir Randy J Wx2 4 Loaded 950 Downriver
8 2 6 ý9.4k Cooperative Venture 5x3 15 Unloaded 520 Upriver
8 3 7 299.4R Sunflower 5x3 15 Loaded -- Dowariver
8 4 8 299.4R Christina Eckstein 5x3-1 14 Unloaded 825 Upriver
8 5 9 299.4R Marvin E. Norman 5x3 15 Unloaded -- Upriver

10 1 10 299.4R Jemco Towing Inc. 5x3 15 Loaded 850 Downriver
10 2 11 299.4R Irving Crown 2x3 6 Loaded 850 Oownriver
10 3 12 299.4R Creole Bell 5x3 15 NA 1000 NA
10 4 13 299.4R Little 1x2 2 Loaded 1000 Downriver
10 5 14 299.4R Dell Butcher 5x3 15 Loaded 1000 Upriver
13 1 15 504.71 Dell Butcher 3x4 12 Loaded 750 Upriver
13 2 16 504.71 Ambient ...--
13 3 17 504.7L Christina Eckstine 4x3 12 Loaded 750 Oownriver
14 1 18 504.7L Quad City Queen -- .. 400 Upriver
14 2 19 504.7L Ambient -- -- ..- --

15 1 20 504.7L Eastern 4W 12 Loaded 650 Downriver
15 2 21 504.7L Volunteer State 5x3-1 14 Unloaded 750 Upriver
15 3 22 504.7L BVEY-T 3x2-1 5 UnLoaded 1000 Upriver
15 4 23 504.7L Ambient .. .. ... .
16 1 24 504.7L Scarlet Knight 5x3 15 Loaded 1000 Downriver
16 2 25 504.7L Dub Hollinger 4x3 12 Loaded 1000 Downriver
16 3 26 504.7L James F. Neat 5x3 15 Loaded 750 Downriver
16 4 27 504.71 Janet L. Kusak 5x3 15 Loaded 750 Downriver
16 5 28 504.71 Ambient .. .. ... .

16 6 29 504.7L NA 2x2 4 NA NA Upriver

(Continued)

* ALL distances are in feet.
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labei 9 (Contirued)

Frnt En lw o bltat
Test of tow of tow front Erd No. Len sec

1 101930 102013 102114 103100 44 105 2 3 m 61 6.07 A,.14

2 111730 111834 112122 112540 6 233 6 1110 169 6.57 4..48

3 160720 160703 160640 161410 0 8i 5 925 8a 11 .2 7,79

i 174930 175143 17,2', 17580 123 166 A 740 %3 17,21 11,73

5 115020 115249 115323 120020 150 1&•, 2 370 3. 10.88 7.42

6 131230 132303 133752 135000 6.31 1520 5 925 89 !. 0D 0.71

7 13300 135129 135256 1356Z0 1290 13'77 5 9?' 87 10.63 7.25
8 143550 1".113 14."28 145240 32;. 519 5 9,5 '95 # . .76 3.Z3
9 160000 160540 160809 161600 341 490 5 9?1 159 6.21 4.23
10 110830 111025 111143 112100 19.. 5 925 t.8 6.25 4,26

11 121120 1213.4 121417 122010 101 1738 2 370 17 10.00 6.8W

12 134710 154910 135026 135630 121 197 5 925 ;,b 12.17 8.30
13 141200 141314 141354 141810 75 115 1 0 4c 0.00 0.00
14 150640 151040 151250 152800 241 371 5 92M 13.0 7.12 4.85
15 135830 140013 1460201 141000 104 212 740 108 6.85 4.67
16 151640 -.. 152300
17 160230 160410 160535 161250 101 186 40 a5 8,71 5.94
18 113&80 114448 -- 115500 1369 .. ....

19 16 18 10 .... 16 3 54 0 -....

20 91010 912100 91234 92050 121 145 N7.0 2• 3O.8.3 21.02
21 102810 103003 103155 103530 114i 226 5 925 112 8.26 5.63
22 105330 105938 105533 110500 69 124 3 555 55 10.09 6.88
23 150710 1... - 519,40 .. .. .......
24 90700 912200 91355 91913 131 226 5 925 95 9.74 6,64
25 103100 103.421 103556 104106 202 297 4 7460 915 ,".79 5.31
26 120330 120619 1207"4 121510 170 255 5 925 85 10.8 7.42
27 142500 142857 143049 143750 23.8 350 5 925 112 8.26 5.63
2 8 1 5 5 3 4 0 1 6 0 2 0 0 . . . .. .. .. .. .

29 160530 160939 161009 161400 250 280 2 3710 30 12.33 8.41

(C on i: t nwed)

Note: TOtaL barge ieNgth = 185 ft.
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Table 9 (Conc tuded)

Test Sensor 942 Sensor 946 Sensor 939 Senor 940 water Dist to
No Cod Dist Qg Cod 211t 2N JW 21i-1 1" Dis 2 tt. k3. otU

I Al 50 7 A2 100 7 13 150 14 54 200 17 -- 1'2" 4"

2 Al 50 7 A2 100 7 B3 150 14 54 200 17 -- lI2" 4"
3 At 50 7 A2 100 7 83 150 14 54 zO 17 5110" 1'40 6-
4 Al 50 7 A2 100 7 53 150 14 34 200 17 5'10" 1"40 6"
5 A1 50 5 A2-Tri 50 5 53 100 10 64 100 10 -.

6 Al 50 5 A-Tri 50 5 33 100 10 5K 100 10 .
7 At 50 5 A2-Tri 50 5 53 100 10 54 100 10 .. ....
8 At 50 5 A2-Tri 50 5 53 100 10 4 100 10 .. ...
9 Al 50 5 A2-fri 50 5 53 100 10 54 100 10 ..

10 .. .. .. .. .. .. 83 50 5 54 150 14 .. ....
11 33 50 5 54 150 14 .. ....
12 .. .. .. .. .. .. 53 50 S 54 150 14 .. ....
13 .. .. .. .. .. .. 53 so 5 54 150 14 .. .

14 .. .. .. .. .. .. - 3 so 5 5.4 150 14 -.. .

15 .. .. .. Al 16 2'8" .. .. .. .. .. .. 14 2'4" 2"
16 .. .. .. Al 16 2'4" .- . .. .. .. .. .. 4 2'1"
17 .. .. .. Al 16 2'8" .. .. .. .. .. .. 14 2'4" 2"

18 Al 80 6 A2-- i 8o 6 83 200 14 54 400 20 14 2'4" 2"
19 At 80 6 AZ-Tri 80 6 83 200 14 54 400 20 14 2'4" 2"
20 B3.. .. .. . . 5 200 14 54-T 200 14 14 2'4" 2"
21 .. .. .. .. .. .. 83 200 14 04-T 200 14 14 2140 2"
22 9.. .. . .. .. . 33 200 14 54 -T 200 14 14 2'4" 2"

23 .. .. .. .. .. .. 53 200 14 ,4-T 200 14 14 2'4" 2"
2 4 . . . . . . . .. . . . 5 3 2 0 0 1 4 5 4," - T 2 0 0 1 4 1 4 2 '". 2 "
2 5 . . . . . . . .. . . . 6 3 Z O O 1 4 5 4 - T 2 0 0 1 4 1 4 2 '4 " 2 "
26 .. .. .. .. .. .. 33 200 14 -! T 200 14 14 2.40 2"
27 9.. .. .. .. .. .. 3 200 14 54-T 200 14 14 2'4" 2"
2 8 . . . . . . . .. . . . 9 3 2 0 0 1 4 5 4 - T 2 0 0 1 4 1 4 2 4." 2 "
29 .. .. .. .. .. .. 83 200 14 54-1 200 14 14 24". 2"

Note: The four sensors refer to the Model 527 current velocity meter.
The Nixon water velocity probe is a small mechanical sensor (probe diameter of 11 am) that was used
to measure water velocity near the substrate water interface.
The term "Tri" refers to placing the sensor on a tripod so that velocity could be measured near the
substrate water interface.
"Dist" is the distance from the shore in feet.
"Dep" is water depth where the (Marsh Mc"irney) sensor was placed. The Nixon sensor was 2 to 6 in.
above the substrate water interface.
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APPENDIX A: FRESHWATER BIVALVES COLLECTED IN THE UPPER MISSISSIPPI

RIVER (UMR) IN 1991 USING QUALITATIVE TECHNIQUES

Al



Table Al

Relative Abundance of Freshwater Mussels Collected Using Qualitative

Techniques at UMR Mile 229.6. Pool 24, July 1991

Site
Species 1 2 3 Total

A. p. plicata 28.38 27.33 19.16 24.73
M. nervosa 5.41 10.00 37.72 18.49
E. lineolata 12.84 20.00 13.17 15.27
0. reflexa 16.22 12.67 3.59 10.54
Q. quadrula 6.76 8.67 4.19 6.45
Q. pusculosa 6.76 4.67 4.19 5.16
T. rruncata 6.76 2.67 4.79 4.73
F. flava 8.78 4.00 1.20 4.52
L. ventricosa 1.35 0.67 4.19 2.15
0. olivaria 1.35 2.67 2.40 2.15
L. fragilis 2.03 3.33 0.00 1.72
A. grandis 0.68 0.67 2.99 1.51
Q. nodulata 0.68 0.67 0.60 0.65
Q. metanevra 0.00 1.33 0.60 0.65
P. alatus 0.00 0.67 0.60 0.43
A. confragosus 0.68 0.00 0.60 0.43
L. recta 0.68 0.00 0.00 0.22
L. complanata 0.68 0.00 0.00 0.22

Total individuals 148 150 167 465
Total species 18
Species diversity 2.23
Evenness 0.77
Dominance 0.14

Note: See Table 2 for more information on location of sites.
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Table A2

Relative Abundance of Freshwater Mussels Collected Using Qualitative

Techniques at UMR Mile 504.8. Pool 14. July 1991

Site
Species 1 2 3 4 Total

A. p. plicata 22.97 20.87 43.78 25.71 28.10
Q. pustulosa 20.57 24.35 11.44 12.00 17.55
Q. quadrula 8.61 6.52 6.97 15.43 9.08
T. truncata 11.48 9.57 5.97 6.29 8.47
0. reflexa 17.22 5.65 5.47 5.14 8.47
M. nervosa 4.31 9.57 3.48 2.86 5,28
F. flava 2.87 3.48 5.97 6.29 4.54
0. olivaria 1.91 6.09 1.99 4.57 3.68
L. fragilZs 1.44 2.17 3.48 8.00 3.56
E. lineolata 1.44 3.48 2.99 5.71 3.31
L. ventricosa 2.87 3.04 2.99 1.71 2.70
P. alatus 1.44 1.30 1.99 1.14 1.47
L. higginsi 1.44 0.87 1.00 1.71 1.23
Q. metanevra 0.48 0.87 0.50 1.14 0.74
L. recta 0.00 0.00 1.49 1.14 0.61
Q. nodulata 0.48 1.30 0.00 0.00 0.49
A. grandis 0.48 0.43 0.50 0.00 0.37
A. confragosus 0.00 0.43 0.00 1.14 0.37

Total individuals 209 230 201 175 815
Total species 18
Species diversity 2.29
Evenness 0.79
Dominance 0.14

Note: See Table 2 for more information on location of sites.
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Table A3

Relative Abundance of Freshwater Mussels Collected Using Qualitative

Techniques at UMR Mile 635.2. Pool 10, July 1991

Site
Species 1 2 3 4 Total

A. p. plicata 61.67 65.09 72.33 70.33 67.25
M. nervosa 8.33 8.28 4.40 1.10 5.51
F. flava 4.44 2.37 3.14 3.85 3.48
L. fragilis 3.89 4.73 3.14 1.65 3.33
Q. quadrula 1.67 4.14 4.40 3.30 3.33
P. alatus 2.78 3.55 1.89 1.65 2.46
S. undularus 2.78 2.37 1.26 1.65 2.03
T. truncata 2.78 0.59 2.52 2.20 2.03
L. ventricosa 2.78 3.55 0.00 1.10 1.88
E. dilarata 1.67 1.78 1.26 1.10 1.45
0. reflexa 1.11 0.00 1.89 1.65 1.16
L. recta 1.67 0.59 1.26 0,55 1.01
Q. metanevra 0.00 0.00 1.26 2.75 1.01
Q. pustulosa 1.11 0.00 0.00 2.75 1.01
A. grandis 1.11 0.59 0.63 1.10 0.87
L. higginsi 0.00 1.18 0.00 1.10 0.58
A. confragosus 1.11 0.59 0.00 0.00 0.43
0. olivaria 0.00 0.59 0.00 1.10 0.43
Q. nodulata 0.00 0.00 0.00 1.10 0.29
A. imbecillis 0.56 0.00 0.00 0.00 0.14
A. ligamentina 0.56 0.00 0.00 0.00 0.14
L. siliquoidea 0.00 0,00 0.63 0.00 0.14

Total individuals 180 169 159 182 690
Total species 22
Species diversity 1.51
Evenness 0.49
Dominance 0.46

Note: See Table 2 for more information oni location of sites.
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Table A4

Freguency of Occurrence of Freshwater Bivalves Collected Using Qualitative

Techniques at River Mile (RM) 299.6. Pool 24, July 1991

Site
Species 1 2 3 Total

A. p. plicata 100.00 75.00 91.67 88.89
E. lineolara 75.00 83.33 75.00 77.78
M. nervosa 41.67 50.00 100.00 63.89
Q. quadrula 66.67 58.33 50.00 58.33
0. reflexa 66.67 75.00 25.00 55.56
T. truncara 66.67 25.00 41.67 44.44
Q. pustulosa 50.00 41.67 33.33 41.67
F. flava 50.00 33.33 16.67 33.33
0. olivaria 16.67 25.00 33.33 25.00
L. ventricosa 8.33 8.33 41.67 19.44
A. grandis 8.33 8.33 41.67 19.44
L. fragilis 25.00 25.00 0.00 16.67
Q. nodulata 8.33 8.33 8.33 8.33
Q. metanevra 0.00 16.67 8.33 8.33
P. alatus 0.00 8.33 8.33 5.56
A. confragosus 8.33 0.00 8.33 5.56
L. recta 8.33 0.00 0.00 2.78
L. complanata 8.33 0.00 0.00 2.78

Total samples 12 12 12 36

Note: See Table 2 for more information on location of sites.
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Table A5

Frequency of Occurrence of Freshwater Bivalves Collected Using

Qualitative Techniques at RM 504.8. Pool 14, July 1991

Site
Species 1 2 3 4 Total

A. p. plicata 91.67 100.00 100.00 100.00 93.75
Q. pustulosa 100.00 91.67 75.00 75.00 87.50
Q. quadrula 75.00 66.67 66.67 66.67 75.00
T. truncara 66.67 50.00 50.00 50.00 56.25
0. reflexa 83.33 50.00 41.67 41.67 56.25
M. nervosa 58.33 58.33 50.00 50.00 50.00
F. flava 41.67 58.33 41.67 41.67 50.00
0. olivaria 33.33 58.33 33A33 33.33 45.83
E. lineolata 25.00 50.00 41.67 41.67 41.67
L. fragilis 25.00 33.33 33.33 33.33 39.58
L. ventricosa 50.00 41.67 41.67 41.67 37.50
P. alatus 25.00 25.00 33.33 33.33 25.00
L. higginsi 25.00 16.67 8.33 8.33 18.75
Q. metanevra 8.33 8.33 8.33 8.33 10.42
L. recta 0.00 0.00 25.00 25.00 10.42
Q. nodulata 8.33 25.00 0.00 0.00 8.33
A. grandis 8.33 8.33 8.33 8.33 6.25
A. confragosus 0.00 8.33 0.00 0.00 6.25

Total samples 12 12 12 12 48

Note: See Table 2 for more information on location of sites,
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Table A6

Frequency of Occurrence of Freshwater Bivalves Collected Usin*

qualitative Techniques at RM 635.2. Pool 10, July 1991

Site

Species 1 2 3 4 Total

A. p. plicata 100.00 100.00 100.00 100.00 100.00
M. nervosa 66.67 66.67 41.67 16.67 47.92
Q. quadrula 16.67 41.67 50.00 33.33 35.42
L. fragilis 50.00 25.00 33.33 25.00 33.33
F. flava 50.00 16.67 33.33 33.33 33.33
S. undulatus 41.67 33.33 16.67 25.00 29.17
P. alatus 33.33 41.67 25.00 16.67 29.17
T. truncata 41.67 8.33 25.00 33.33 27.08
L. ventricosa 33.33 41.67 0.00 16.67 22.92
E. dilatata 25.00 25.00 16.67 16.67 20.83
0. reflexa 16.67 0.00 25.00 16.67 14.58
Q. pustulosa 16.67 0.00 0.00 33.33 12.50
Q. metanevra 0.00 0.00 16.67 33.33 12.50
L. recta 25.00 8.33 8.33 8.33 12.50
A. grandis 16.67 8.33 8.33 8.33 10.42
L. higginsi 0.00 16.67 0.00 16.67 8.33
0. olivaria 0.00 8.33 0.00 16.67 6.25
A. confragosus 16.67 8.33 0.00 0.00 6.25
Q. nodulata 0.00 0.00 0.00 16.67 4.17
L. siliquoidea 0.00 0.00 8.33 0.00 2.08
A. ligamentina 8.33 0,00 0,00 0.00 2.08
A. imbecillis 8.33 0.00 0.00 0.00 2.08

Total samples 12 12 12 12 48

Note: See Table 2 for more information on location of sites.
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APPENDIX B: FRESHWATER BIVALVES COLLECTED IN THE UPPER MISSISSIPPI
RIVER (UMR), JULY 1991, USING QUANTITATIVE TECHNIQUES
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Table Bl

Relative 5pecies Abundances Data Collected at Distances of

100 Pad 200 ft from the Right Descending Bank. Pool 24.

River Mile (RM) 299.6. July 9. 1991

Siecies Nearshore Farshore Total

A. p. plicata 26.32 21.29 25.10
E. lineolara 0.00 23.95 23.95
0. reflexa 21.05 11.79 14.83
T. truncata 10.53 12.93 14.45
C. fluminea 21.05 5.32 8.37
M. nervosa 0.00 6.08 6.08
Q. pustulosa 5.26 2.66 3.42
Q. quadrula 7.89 2.28 3.42
0. olivaria 0.00 3.04 3.04
F. flava 5.26 1.52 2.28
L. fragilis 0.00 2.28 2.28
T. donaciformis 0.00 1.52 1.52
L. recta 0.00 1.14 1.14
L. ventricosa 2.63 0.76 1.14
P. alatus 0.00 1.14 1.14
Q. metanevra 0.00 1.14 1.14
A. imbecillis 0.00 0.76 0.76
F. ebena 0.00 0.38 0.38

Total individuals 38 263 301
Total species 8 18 18
Total quadrats 30 30 60
Species diversity 1.85 2.26 2.29
Evenness 0.89 0.78 0.79
Dominance 0.16 0.14 0.13
Individuals <30 mm SL 44.7% 18.6% 21.9%
Species <30 mm 62.5% 44.4% 55.5%

Note: Each site consists of three closely spaced subsites where ten quantita-
tive samples were collected (see Table 2).
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Table B2

Relative Species Abundances Data Collected at Distances of 160 and 300 ft

from the Right Descending Bank, Pool 14, RM 504.8, July 1991

Species Nearshore Farshore Total

T. truncata 20.91 23.57 22.21
Q. pustulosa 17.14 15.06 16.12
A. p. plicata 15.57 14.57 15.08
0. reflexa 11.01 8.51 9.78
Q. quadrula 8.96 9.00 8.98
F. flava 4.56 5.89 5.21
E. lineolara 3.77 4.42 4.09
L. fragilis 3.77 4.26 4.01
0. olivaria 3.46 4.42 3.93
M. nervosa 3.46 3.11 3.29
T. donaciformis 1.26 1.80 1.52
L. ventricosa 1.89 0.82 1.36
L. recta 0.63 0.82 0,72
A. imbecillis 0.63 0.65 0.64
P. alatus 0.47 0.49 0.48
A. confragosus 0.63 0.33 0.48
L. complanata 0.31 0.49 0.40
Q. nodulata 0.47 0.33 0.40
Q. metanevra 0.47 0.33 0.40
A. grandis 0.16 0.33 0.24
L. higginsi 0.16 0.33 0.24
S. undulatus 0.16 0.16 0.16
E. dilarata 0.00 0.33 0.16
C. fluminea 0.16 0.00 0.08

Total individuals 636 611 1247
Total species 23 23 24
Total quadrats 30 30 60
Species diversity 2.36 2.38 2.37
Evenness 0.75 0.76 0.75
Dominance 0.12 0.12 0.12
Individuals <30 mm SL 17.3% 17.0% 17.2%
Species <30 mm 43.5% 39.1% 50.0%

Note: Each site consists of three closely spaced subsites where ten quantita-
tive samples were collected (see Table 2).
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Table B3

Relative Species Abundances Data Collected at Distances of 75 and 180 ft

from the Right Descending Bank. Pool 10, RM 635.2. July 1991

SRecies Nearshore Farshore Total

A. p. plicata 57.66 53.20 56.09
T. truncata 14.04 14.58 14.40
M. nervosa 3.62 4.35 3.98
L. fra&ilis 3.83 3.84 3.86
0. reflexa 2.77 3.84 3.28
P. alatus 1.91 4.09 2.93
F. flava 2.98 2.30 2.69
E. dilatata 1.28 3.07 2.11
L. ventricosa 1.49 2.05 1.76
Q. pustulosa 2.13 0.26 1.29
T. donaciformis 0.85 1.79 1.29
Q. quadrula 1.06 1.02 1.05
A. grandis 0.85 0.77 0.82
S. undulatus 0.85 0.77 0.82
A. confragosus 1.06 0.00 0.59
A. imbecillis 2.55 0.51 1.66
L. recta 0.00 1.79 0.81
Q. nodulara 0.21 0.51 0.35
T. parvus 0.00 0.77 0.35
L. higginsi 0.21 0.26 0.23
E. lineolata 0.21 0.00 0.12
0. olivaria 0.21 0.00 0.12
A. ligamentina 0.00 0.26 0.12
Q. metanevra 0.21 0.00 0.12

Total individuals 470 391 861
Total species 21 20 24
Total quadrats 30 30 60
Species diversity 1.69 1.81 1.77
Eveness 0.56 0.60 0.56
Dominance 0.36 0.31 0.34
Individuals <30 mm SL 20.0% 26.1% 22.8%
Species <30 mm 33.3% 45.0% 45.8%

Note: Each site consists of three closely spaced subsites where ten quantita-
tive samples were collected (see Table 2).
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APPENDIX C: LENGTH-FREQUENCY HISTOGRAMS FOR BIVALVES COLLECTED IN
THE UPPER MISSISSIPPI RIVER (UMR), 1991
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Cumulative cumulat~vr
Shell Length Freq Freq Percent Percent

12 0 0 0,00 0 00
14 ** 1 1 1.52 15)

16 0 1 0 O0 0.5
18 *** 2 3 3,03 4 55
20 ** ,52 6 06
22 0 4 0 O0 t 06

24 0 4 000 6 06
26 ** 1 5 1,52 7 58
28 *�*** * **** 13 18 19,70 27 27
30 ******** 5 23 7 58 38.85
32 ******* 6 29 9,09 43 94
34 * * 6 35 9.09 53.03
36 0 35 0.00 53.03
38 *** 2 37 3.03 56.06
40 ** 1 38 1.52 57,58
42 0 38 0.00 57.58
44 • 2 40 3.03 60.61
46 *** 2 42 3.03 63.64
48 ** 1 43 1.52 65.15
50 * 2 45 3.03 68,18
52 0 45 0.00 68.18
54 0 45 0.00 68 18
56 ** 1 46 1.52 69.70
58 ** 1 47 1.52 71.21
60 0 47 0.00 71.21.
62 0 47 0.00 71.21
64 0 47 0.00 71.21
66 1* 1 48 1.52 72.73
68 0 48 0.00 72.73
70 0 48 0.00 72.73
72 0 48 0.00 72.73
74 0 48 0.00 72,73
76 0 48 0.00 72.73
78 *-* 1 49 1.52 74.Z4
80 0 49 0.00 74.24
82 ** 1 50 1.52 75.76
84 ** 1 51 1.52 77.27
86 0 51 0.00 77.27
88 0 51 0.00 77.27
90 * 2 53 3.03 80.30
92 "* 4 57 6.06 86,36
94 0 57 0.00 86.36
96 *** 2 59 3.03 89.39
98 *** 2 61 3.03 92.42

100 1** 62 1.52 93.94
102 1** 63 1.52 95.45
104 *** 2 65 3.03 98.48
106 0 65 0.00 98.48
108 0 65 0.00 98,48
110 0 65 0.00 98.48
112 0 65 0.00 98.48
114 0 65 0.00 98.48
116 ** 1 66 1.52 100.00
118 0 66 0 00 100.00
120 0 66 0 00 100.00
122 0 66 0.00 100.00
124 0 66 0.00 100.00
126 0 66 0,00 100.00

5 10 15 20

Figure Cl. Shell length (W frequency i rar, f of !ema

plicaca plicata in the upper Mississippi e rver . ile

(RM) 299.6 (Pool 24). vearshor . and rs •o, v ,( combined,
July; 1099
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

6 0 0 0.00 0.00
8 ** 1 i 4.55 4.55

10 * 3 4 13.64 18.18
12 AA* ** - 16 20 72.73 90.91
14 ***** 2 22 9.09 100.30
16 0 22 0.00 100.00
18 0 22 0.00 100.00
20 0 22 0.00 100.00
22 0 22 0.00 100.00
24 0 22 0.00 100.00
26 0 22 0.00 100.00
28 0 22 0.00 100.O0

10 20 30 40 50 60 70

Figure C2. Shell length (ram) frequenc> histograr of Curb1cula

fluminea in tl- upper Mississippi River, P'I 29`9 6 (Pool 2.).

nearshore and farshore sites combiried. J'2v 2991
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Shell Length Cumulative Cumulative

Freq Freq Percent Percent

22 0 0 0.00 0,00
24 0 0 0.00 0.00
26 0 0 0.00 0.00
28 0 0 0.00 0.00
30 A* . 2 2 3.17 3.17
32 0 2 0.00 3.17
34 0 2 0.00 3.17
36 A k L 2 4 3.17 6.35
38 *1**** 1 5 1.59 7.94
40 • 2 7 3.17 11.11
42 ... 3 10 4.76 15.87
4.4 5 15 7.94 23.81
46 * 4 19 6.35 30.16
48 0 19 0.00 30.16
50 1*** 1 20 1.59 31.75
52 0 20 0.00 31.75
54 ****1 21 1.59 33.33
56 1 1 22 1.59 34.92
58 * 2 24 3.17 38.10
60 *--* 1 25 1.59 39.68
62 A •AJ A 3 28 4.76 44.44
6 • 3 31 4.76 49.21
66 **-**** 1 32 1.59 50.79
68 - 4 36 6.35 57.14
70 " 1 37 1.59 58.73
72 ****** 1 38 1.59 60.32
74 & A A 3 41 4.76 65.08
76 - 3 44 4.76 69.84
78 2 46 3.17 73.02
80 i 3 49 4.76 77.78
82 • 3 52 4.76 82.54
84 2 54 3.17 85.71
86 • 3 57 4.76 90.48
88 ' 3 60 4.76 95.24
90 -- 2 62 3.17 98.41
92 0 62 0.00 98.41
94 0 62 0.00 98.41
96 ****** 1 63 1.59 100.00
98 0 63 0.00 100.00

100 0 63 0.00 100.00

1 2 3 4 5 6 7 8

Figure r3. Shell. length (mm) frequency histogram of Ellipsaria

lineolaLa in the upper Mississippi River, RM 299.6 (Pool 24),

nearshore and farshore sites combined, Julv 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

12 0 0 0.00 0.00
14 *** 1 1 2.56 2.56
16 0 1 0.00 2.56
18 0 1 0.00 2.56
20 0 1 0.00 2.56
22 0 1 0.00 2.56
24 0 1 0.00 2.56
26 0 1 0.00 2.56
28 0 1 0.00 2.56
30 ******'* 3 4 7.69 10.26
32 * 1 5 2.56 12.82
34 ***** 2 7 5.13 17.95
36 • -- ' 5 12 12.82 30.77
38 ***** 2 14 5.13 35.90
40 A A..A.k 8 22 20.51 56.41
42 1 10 32 25.64 82.05
44 ***** 2 34 5.13 87.18
46 *** 1 35 2.56 89.74
48 * 3 38 7.69 97.44
50 0 38 0.00 97.44
52 0 38 0.00 97.44
54 *** 1 39 2.56 100.00
56 0 39 0.00 100.00
58 0 39 0.00 100.00
60 0 39 0.00 100.00
62 0 39 0.00 100.00
64 0 39 0.00 100.00

5 10 15 20 25

Figure C4. Shell length (mm) frequency histogram of Obliquaria
reflexa in the upper Mississippi River, RM 299.6 (Pool 24),

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

16 0 0 0.00 0.00
18 0 0 0.00 0.00
20 0 0 0.00 0.00
22 ***** 1 1 2.63 2.63
24 ***** 1 2 2.63 5.26
26 ***** 1 3 2.63 7.89
28 .k AA .A************ 6 9 15.79 23.68
30 * * *. . 4 13 10.53 34.21
32 • 3 16 7.89 42.11
34 A A AA .. . 7 23 18.42 60.53
36 AAA .. & 4 27 10.53 71.05
38 W 2 29 5.26 76.32
40 -=-= -• 3 32 7.89 84.2142 ,•-,J.,***-. 2 34 5.26 89.47
44 • 3 37 7.89 97.37
46 ***** 1 38 2.63 100.00
48 0 38 0.00 100.00
50 0 38 0.00 100.00
52 0 38 0.00 100.00-- 4.----+----+-.--+-..+....+... +..+.*+

2 4 6 8 10 12 14 16 18

Figure C5. Shell length (mm) frequency histogram of Truncilla
truncata in the upper Mississippi River, RkI 299.6 (Pool 24),

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

10 0 f) 0.00 0.00
12 **** 2 2 1.06 1.06
14 0 2 0.00 1.06
16 -• -•.-•- 7 9 3.72 4.79
18 • 11 20 5.85 10.64
20 0 20 0.00 10.64
22 * * 3 23 1.60 12.23
24 ***** 2 25 1.06 13.30
26 -- -- - 7 32 3.72 17.02
28 *A..AAAA::.AAA..::: 8 40 4.26 21.28
30 4 44 2.13 23.40
32 • 4 48 2.13 25.53
34 ***** 2 50 1.06 26.60
36 A. . 8 58 4.26 30.85
38 • 11 69 5.85 36.70
40 A kA 8 77 4.26 40.96
42 * * 3 80 1.60 42.55
44 • 5 85 2.66 45.21
46 ***** 2 87 1.06 46.28
48 • 5 92 2.66 48.94
50 0 92 0.00 48.94
52 *** 1 93 0.53 49.47
54 *** 1 94 0.53 50.00
56 * * 3 97 1.60 51.60
58 1* 1 98 0.53 52.13
60 -- =- 4 102 2.13 54.26
62 , 4 106 2.13 56.38
64 *** 1 107 0.53 56.91
66 *-*-JA, 4 111 2.13 59.04
68 AA= .A 5 116 2.66 61.70
70 • - -• 7 123 3.72 65.43
72 • 10 133 5.32 70.74
74 Ak;AA;&A=A..A.A. 11 144 5.85 76.60
76 *-*** 2 146 1.06 77.66
78 5 151 2.66 80.32
80 L&AA AA 6 157 3.19 83.51
82 A•; AA- 6 163 3.19 86.70
84 A A 5 168 2.66 8c. 3 6
86 A . 5 173 2.66 9k.02
88 A.A xA 4 177 2.13 94.15
90 * 4 181 2.13 96.28
92 ***** 2 183 1.06 97.34
94 *** 1 184 0.53 97.87
96 *** 1 185 0.53 98.40
98 0 185 0.00 98.40

100 ***** 2 187 1.06 99.47
102 *** 1 188 0.53 100.00
104 0 188 0.00 100.00
106 0 188 0.00 100.00
108 0 188 0.00 100.00
110 0 188 0.00 100.00

1 2 3 4 5

Figure C6. Shell length (mm) frequency histogram of Amblema
plicata plicata in the upper Mississippi River, RM 504.8
(Pool 14), nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

10 0 0 0.00 0.0012 **** 1 1 1.96 1.9614 * 1 2 1.96 3.9216 0 2 0.00 3.9218 0 2 0.00 3.9220 **** 1 3 1.96 5.8822 0 3 0.00 5.8824 0 3 0.00 5.8826 0 3 0.00 5.8828 0 3 0.00 5.8830 0 3 0.00 5.88
32 • 4 7 7.84 13.73
34 - 3 10 5.88 19.6136 • 3 13 5.88 25.4938 * * 2 15 3.92 29.4140 A . 3 18 5.88 35.2942 * 1 19 1.96 37.2544 m=** 2 21 3.92 41.18
46 : 2 23 3.92 45.1048 ****.*** 2 25 3.92 49.0250 ******** 2 27 3.92 52.9452 AAA 5 32 9.80 62.75
54 ******* 2 34 3.92 66.6756 * 3 37 5.88 72.5558 A.... 4 41 7.84 80.3960 **** 1 42 1.96 82.3562 ****** 2 44 3.92 86.2764 • ** 2 46 3.92 90.2066 ******** 2 48 3.92 94.1268 0 48 0.00 94.1270 0 48 0.00 94.1272 1 1 49 1.96 96.0874 0 49 0.00 96.0876 0 49 0.00 96.0878 **** 1 50 1.96 98.0480 0 50 0.00 98.04
82 0 50 0.00 98.0484 * 1 51 1.96 100.0086 0 51 0.00 100.0088 0 51 0.00 100.0090 0 51 0.00 100.0092 0 51 0.00 100.00S.... +..+..+. -.--... +

2 4 6 8 10

Figure C7. Shell length (mm) frequency histogram of Ellipsaria
lineoZara in the upper Mississippi River, RM 504.8 (Pool 14),

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

12 0 0 0.00 0.00
14 0 0 0.00 0.00
16 1 1 1 1.54 1.54
18 0 1 0.00 1.54
20 0 1 0.00 1.54
22 0 1 0.00 1.54
24 0 1 0.00 1.54
26 *** 1 2 1.54 3.08
28 0 2 0.00 3.08
30 * 1 3 1.54 4.62
32 *** 1 4 1.54 6.15
34 0 4 0.00 6.15
36 * 1 5 1.54 7.69
38 *'***** 2 7 3.08 10.77
40 ********* 3 10 4.62 15.38
42 1AAA1AA&ai.Aa.A....aaA.J. 10 20 15.38 30.77
44 kAAJ .A 4 24 6.15 36.92
46 a 6 30 9.23 46.15
48 *** 1 31 1.54 47.69
50 ****** 2 33 3.08 50.77
52 ******* 3 36 4.62 55.38
54 0 36 0.00 55.38
56 ******** 3 39 4.62 60.00
51 ****** 2 41 3.08 63.08
60 AAAAAa.LJ 6 47 9.23 72.31
62 • 4 51 6.15 78.46
64 ********* 3 54 4.62 83.08
66 ****** 2 56 3.08 86.15
68 ********* 3 59 4.62 90.77
70 ****** 2 61 3.08 93.85
72 0 61 0.00 93.85
74 ****.* 3 64 4.62 98.46
76 *** 1 65 1.54 100.00
78 0 65 0.00 100.00
80 0 65 0.00 100.00
82 0 65 0.00 100.00
84 0 65 0.00 100.00

-- --.+..+ -.. + -..+ -..+ . -..+ ... +. .
2 4 6 8 10 12 14

Figure C8. Shell length (mm) frequency histogram of Fusconaia
flava in the upper Mississippi River, RM 504.8 (Pool 14),

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

30 0 0 0.00 0.00
32 * 1 1 2.00 2.00
34 ******** 2 3 4.00 6.00
36 **** 1 4 2.00 8.00
38 0 4 0.00 8.00
40 ** 2 6 4.00 12.00
42 ******** 2 8 4.00 16.00
44 **** 1 9 2.00 18.00
46 ******** 2 11 4.00 22.00
48 * .. * 3 14 6.00 28.00
50 3 17 6.00 34.00
52 • 3 20 6.00 40.00
54 * * 2 22 4.00 44.00
56 A•A * * 8 30 16.00 60.00
58 **** 1 31 2.00 62.00
60 '•" 4 35 8.00 70.00
62 **** 1 36 2.00 72.00
64 * 2 38 4.00 76.00
66 0 38 0.00 76.00
68 0 38 0.00 76.00
70 0 38 0.00 76.00
72 0 38 0.00 76.00
74 .. A-. 4 42 8.00 84.00
76 ******** 2 44 4.00 88.00
78 **** 1 45 2.00 90.00
80 0 45 0.00 90.00
82 0 45 0.00 90.00
84 ,*-, 1 46 2.00 92.00
86 ** 2 48 4.00 96.00
88 0 48 0.00 96.00
90 * 1 49 2.00 98.00
92 0 49 0.00 98.00
94 **** 1 50 2.00 100.00
96 0 50 0.00 100.00
98 0 50 0.00 100.00

100 0 50 0.00 100.00
102 0 50 0.00 100.00
104 0 50 0.00 100.00
106 0 50 0.00 100.00
108 0 50 0.00 100.00
110 0 50 0.00 100.00S.... ......................... _....

2 4 6 8 10 12 14 16

Figure C9. Shell length (imi) frequency histogram of Levtodea

fragills in the upper Mississippi River, RM 504.8 (Pool 14),
nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

30 0 0 0.00 0.00

32 ****& 1 1 2.44 2.44
34 0 1 0.00 2.44
36 0 1 0.00 2.44
A8 0 1 0.00 2.44
40 0 1 0.00 2.44
42 0 1 0.00 2.44
44 0 1 0.00 2.44
46 0 1 0.00 2.44
48 0 1 0.00 2.44
50 0 1 0.00 2.44
52 0 1 0.00 2.44
54 0 1 0.00 2.44
56 ***** 1 2 2.44 4.88
58 ***** 1 3 2.44 7.32
60 ***** 1 4 2.44 9.76
62 0 4 0.00 9.76
64 0 4 0.00 9.76
66 0 4 0.00 9.76
68 0 4 0.00 9.76
70 AA. A .-- • 4 8 9.76 19.51
72 . 3 11 7.32 26.83
74 * 1 12 2.44 29.27
76 * 2 14 4.88 34.15
78 • 1 15 2.44 36.59
80 0 15 0.00 36.59
82 0 15 0.00 36.59
84 ********** 2 17 4.88 41.46
86 0 17 0.00 41.46
88 k A A 3 20 7.32 48.78
90 " 3 23 7.32 56.10
92 0 23 0.00 56.10
94 0 23 0.00 56.10
96 0 23 0.00 56.10
98 0 23 0.00 56.10

100 0 23 0.00 56.10
102 ***** 1 24 2.44 58.54
104 ***** 1 25 2.44 60.98
106 0 25 0.00 60.98
108 • 4 29 9.76 70.73
110 0 29 0.00 70.73
112 ." 3 32 7.32 78.05
114 ****** 2 34 4.88 82.93
116 *** ** 2 36 4.88 87.80
118 ***** 1 37 2.44 90.24
120 0 37 0.00 90.24
122 ***** 1 38 2.44 92.68
124 0 38 0.00 92.68
126 0 38 0.00 92.68
128 ***** 1 39 2.44 95.12
130 ***** 1 40 2.44 97.56
132 0 40 0.00 97.56
134 0 40 0.00 97.56
136 0 40 0.00 97.56
138 ",,**** 1 41 2.44 100.00
140 0 41 0.00 100.00
142 0 41 0.00 100.00

2 4 6 8 10

Figure C10. Shell length (mm) frequency histogram of Megalonaias

nervosa in the upper 14ississippi River, RM 504.8 (Pool 14),

nearshore anci farsl,,re sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

14 0 0 0.00 0.00
16 ** 1 1 0.82 0.82
18 *** 2 3 1.64 2.46
20 ***** 3 6 2.46 4.92
22 ** 1 7 0.82 5.74
24 * 1 8 0.82 6.56
26 0 8 0.00 6.56
28 0 8 0.00 6.56
30 ***** 3 11 2.46 9.02
32 ****** 6 17 4.92 13.93
34 .. AAAA A .11 28 9.02 22.95
36 ***L**.. 7 35 5.74 28.69
38 • 15 50 12.30 40.98
40 14 64 11.48 52.46
42 AJ.A AAJ* ******** 19 83 15.57 68.03
44 Ak AAA.AA **15 98 12.30 80.33
46 AkA•k •AA. .. 13 111 10.66 90.98
48 ***** 3 114 2.46 93.44
50 ********** 6 120 4.92 98.36
52 *, 1 121 0.82 99.18
54 1 122 0.82 100.00
56 0 122 0.00 100.00
58 0 122 0.00 100.00
60 0 122 0.00 100.00

-----. --. --.-- -.-.+--------.+-_ -
2 4 6 8 10 12 14

Figure ClI. Shell length (mm) frequency histogram of Obliquaria
reflexa in the upper Mississippi River, RM 504.8 (Pool 14),

nearshore and farshore sites c _ned, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

34 0 0 0.00 0.00
36 1* 1 1 2.04 2.04
38 **** 1 2 2.04 4.08
40 **** 1 3 2.04 6.12
42 ******** 2 5 4.08 10.20
44 ******** 2 7 4.08 14.2946 • 3 10 6.12 20.41
48 ******** 2 12 4.08 24.49
50 --. 6 18 12.24 36.73
52 ' 6 24 12.24 48.98
54 -'A AAA..'''A''AA'AA. -- 9 33 18.37 67.35
56 L A .,.6 39 12.24 79.59
58 & i . 5 44 10.20 89.80
60 4 48 8.16 97.96
62 **** 1 49 2.04 100.00
64 0 49 0.00 100.00
66 0 49 0.00 100.00
68 0 49 0.00 100.00
70 0 49 0.00 100.00
72 0 49 0.00 100.00
74 0 49 0.00 100.00.... -+ ----.+ .+.+..-.+.._+-..+..+.-+

2 4 6 8 10 12 14 16 18

Figure C12. Shell length (mm) frequency histogram cf Obovaria
olivaria in the upper Mississippi River, RM 504.8 (Pool 14),

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

6 0 0 0.00 0.00
8 **** 2 2 1.00 1.00

10 ****** 3 5 1.49 2.49
12 ************ 6 11 2.99 5.47
14 ** 1 12 0.50 5.97
16 ******** 4 16 1.99 7.96
18 ********** 5 21 2.49 10.45
20 **** 2 23 1.00 11.44
22 ** 1 24 0.50 11.94
24 ** 1 25 0.50 12.44
26 **** 2 27 1.00 13.43
28 * * 5 32 2.49 15.92
30 AAA 7 39 3.48 19.40
32 . A A L 8 47 3.98 23.3834 -A &,L * 10 57 4.98 28.36
36 A j A 8 65 3.98 32.34
38 • 12 77 5.97 38.31
40 * AAJ , 8 85 3.98 42.29
42 • 12 97 5.97 48.2644 • 15 112 7.46 55.72
46 *AA A . . , 17 129 8.46 64.18
48 AA= A AA AA AAJ•, 15 144 7.46 71.64
50 Ak A.A i"...i.- 17 161 8.46 80.10
52 AAA~AAA W ~ U 18 179 8.96 89.0554 A:A...AAAAA•** 10 189 4.98 94.03
56 ******** 4 193 1.99 96.02
58 __****** 4 197 1.99 98.01
60 **" 1 198 0.50 98.51
62 ****** 3 201 1.49 100.00
64 0 201 0.00 100.0066 0 201 0.00 100.00
68 0 201 0.00 100.0070 0 201 0.00 100.00

1 2 3 4 5 6 7 8 9

Figure C13. Shell length (mm) frequency histogram of Quadrula
pustulosa in the upper Mississippi River, RM 504.8 (Pool 14),

nearshore and farshore sites combined, July 1991
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Shell Length Cumiw'tive Cumulative
Freq Fret Dercent Percent

14 0 0 0.00 0.00
16 *********** 3 3 2.68 2.68
18 0 3 0.00 2.68
20 *A~******* 4 7 3.57 6.25
22 ******* 2 9 1.79 8.04
24 **** 1 10 0.89 8.93
26 0 10 0.00 8.93
28 0 10 0.00 8.93
30 **** 1 11 0.89 9.82
32 . 3 14 2.68 12.50
34 A 3 17 2.68 15.18
36 ****** 2 19 1.79 16.96
38 A. A 5 24 4.46 21.43
40 * 2 26 1.79 23.21
42 * 2 28 1.79 25.00
44 • 3 31 2.68 27.68
46 **** 1 32 0.89 28.57
48 •A AJ •A 4 36 3.57 32.14
50 **'*'*'**'**** 3 39 2.68 34.82
52 A•.AA A. ;A 6 I5 5.36 40.18
54 • 3 48 2.68 42.86
56 -•--' 5 53 4.46 47.32
58 AA'A ''A,...A.- A 7 60 6.25 53.57
60 A A . 5 65 4.46 58.04
62 1*, A L . . 10 75 8.93 66.96
64 .A A A J. 7 82 6.25 73.21
66 ******* 2 84 1.79 75.00
68 k. AA A.. 6 90 5.36 80.36
70 AAAJ.A.. 4 94 3.57 83.93
72 A&& .. L-' 7 101 6.25 90,18
74 . 3 104 2.68 92.86
76 ":•-•'&' 4 108 3.57 96.43
78 **** 1 109 0.89 97.32
80 **** 1 110 0.89 98.21
82 **** 1 111 0.89 99.11
84 0 il 0.00 99,11
86 **** 1 112 0.89 100.00
88 0 112 0.00 100.00
90 0 112 0.00 100.00

-.-. +... + - -+ -.. + . - -+.._+.._._-- .-- _-.+

1 2 3 4 5 6 7 8 9

Percentage

Figure C14. Shell length (mm) frequency histogram of Quadrula
quadrula in the upper Mississippi River, RM 504.8 (Pool 14),

nearshore and farshore sites combined, July 1991
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CuuulatCive Cumulative
Shell Length Freq Freq Percent Percent

10 0 0 0.00 0.00

12 * 1 1 036 0,36
14 * 1 2 0.36 0.72
16 1 3 0. 36 1.08
18 i 6 9 2,17 3.25
20 * 17 26 6,14 9.39
22 27 53 9.75 1V 13

24 *,v** ~ 10 63 3.61 22.74
26 * 10 73 3.61 26.35
28 **.,*"**-* 12 85 4.33 30.69
30 * 13 98 4.69 35.38

32 - - -- - -24 122 8.66 44 04

34 *----------------- * A...... .- . 33 155 11.91 55.96
36 " 29 184 10.47 66.43
38 - 33 217 11.91 78.34
40 : .;.,•:.- .: " ::•*v• 31 249 11.19 99.53

42 ********11 259 3.97 93.50
44 * 7 266 2.53 96.03
46 * " 8 274 2 .89 98.92
48 1 275 0.36 99.28
50 * 2 277 0.72 100.00
52 0 277 0.00 100.00
54 0 277 0 .00 100.00
56 0 277 0.00 100.00
58 0 277 0.00 100.00
60 0 277 0.00 100.00

- -- +- --. +- - -+-. -- +- - -4-- --

2 4 6 8 10 12

Figure C15. Shell length (rrm) frequeii-, histograrr of 7runcil1a

truncata in the upper Mississippi River. W4, )0,4,6 kooI 14).

nearshore and farshore sites comrbined, Julv I991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

6 0 0 0.00 0.00
8 *** 3 3 0.63 0.63

10 ,.-* 4 7 O.84 1.46
12 -11 18 2.30 3,76
14 ' 15 33 3.13 6.89
16 • 16 49 3.34 10.23
18 • 11 60 2.30 12.53
20 * 5 65 1.04 13.57
22 * 4 69 0.84 14.41
24 * 1 70 0.21 14.61
26 ******** 8 78 1.67 16.28
28 ******* 10 88 2.09 18.37
30 J;.AA.AA.AA; 12 100 2.51 20.88
32 __ - 11 Ill 2.30 23.17
34 - " - 12 123 2.51 25.68
36 * 5 128 1.04 26.72
38 * 5 133 1.04 27.77
40 * 4 137 0.84 28.60
42 * 1 138 0.21 28.81
44 *.-, 4 142 0.84 29.65
46 ***i* 5 147 1.04 30.69
48 **- 3 150 0.63 31.32
50 * 1 151 0.21 31.52
52 ****** 8 159 1.67 33.19
54 **** 4 163 0,84 34.03
56 4 4 167 0.84 34.86
58 *** 4 171 0.84 35.70
60 10 181 2.09 37.79
62 *t.,**,** 10 191 2.09 39.87
64 • 16 207 3.34 43.22
66 AA ;A;. 19 226 3.97 47.18
68 • .L 15 241 3.13 50.31
70 : 25 266 5.22 55.53
72 : 26 292 5.43 60.96
74 A AA..AA 22 314 4.59 65.55
76 19 333 3.97 69.52
78 LAAA AAAA A ::: 28 361 5.85 75.37
80 •A=h.AA.=AJ.;.= 18 379 3.76 79.12
82 AAA AAAAAAAA 24 403 5.01 84.13
84 ;AA.AA*A. 18 421 3.76 87.899
86 A 12 433 2.51 90.40
88 so. •.&A 16 449 3.34 93.74
90 * 10 459 2.09 95.82
92 ***** 5 464 1.04 96.87
94 ******* 7 471 1,46 98.33
96 **** 4 475 0.84 99.16
98 * 1 476 0.21 99.37

100 0 476 0,00 99.37
102 * 1 477 0.21 99.58
104 * 1 478 0.21 99.79
106 0 478 0.00 99.79
108 0 478 0.00 99.79
110 * 1 479 0.21 100.00
112 0 479 0.00 100.00
114 0 479 0.00 100.00
116 0 479 0.00 100.00

1 2 3 4 5

Figure C16. Shell length (mm) frequency histogram of Amblema

plicata plicara in the upper Mississippi River, M. 635,2
(Pool 10), nearshore and farshore sites combined. July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

10 0 0 0.00 0.00
12 *~****1 1. 4,35 4,35
14 *'*'* 1 2 4.35 8.70
16 * 1 3 4A35 13.04
18 1 1 4 4.35 17.39
20 0 4 0.00 17.39
22 ,*;****- * 1 5 4.35 21.74
24 0 5 0.00 21.74
26 1 * 6 4.35 2(.09
28 0 6 0.00 26.09
30 0 6 0,00 26.09
32 **.'*, 1 7 4.35 30.43
34 ,.,.** 1 8 4.35 34.78
36 , 2 10 8.70 43.48
38 0 10 0.00 43.48
40 * 1 11 4,35 47.83
42 0 11 0.00 47.83
44 a- ..-.- - -2 13 8.70 56,52
46 0 13 0.00 56.52
48 0 13 0.00 56.52
50 0 13 0.00 56.52
52 - 1 14 4.35 60.87
54 1 1 15 4.35 65.22
56------- 3 is 13.04 78.26
58 **-**-. 1 19 4.35 82.61
60 1 1 20 4.35 86.96
62 0 20 0.00 86.96
64 -- h- 1 21 4.35 91.30
66 0 21 0.00 91.30
68 0 21 0.00 91.30
70 ******** 1 22 4.35 95.65
72 *'***** 1 23 4.35 100.00
74 0 23 0.00 100,00
76 0 23 0.00 100.00
78 0 23 0.00 100.00
80 0 23 0.00 100O00
82 0 23 0.00 100.00
84 0 23 0.00 100.00

.. ...... - -. ....- -... .... ....

2 4 6 8 10 12

Figure C17. Shell length (mm) frequency histogram of Fusconaia

flava in the upper Mississippi River, RIM 635.2 (Pool 10),

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative 'umularive
Freq Freq Percent Percent

16 0 0 0.00 0.00
18 0 0 0.00 0.00
20 1 1 3.03 3,03
22 0 1 0.00 3,03
24 0 1 0.00 3.03
26 0 1 0.00 3.03
28 0 1 0.00 3.03
30 0 1 0.00 3.03
32 0 1 0.00 3.03
34 0 1 0.00 3 03
36 - 1 2 3.03 6.06
38 0 2 0.00 6.06
40 0 2 0.00 6.06
42 0 2 0.00 6,06
44 A&A•.LAA 1 3 3.03 9.09
46 • 2 5 6.06 15.15
48 1 6 3.03 18.18
50 A 2 8 6.06 24.24
52 0 8 0.00 24.24
54 1 9 3.03 27.27
56 0 9 0.00 27.27
58 - 1 10 3.03 30.30
60 hA&AA=a= A.a*. 3 13 9.09 39.39
62 - 1 14 3.03 42.42
64 A A A 3 17 9.09 51.52
66 • 2 19 6.06 57.58
68 0 19 0.00 57.58
70 1�*.- - 1 20 3.03 60.61
72 0 20 0.00 60.61
74 A 2 22 6.06 66.67
76 A A=A.•A*AA. 2 24 6.06 72.73
78 0 24 0.00 72.73
80 1 25 3.03 75.76
82 AA•AA .. AA• 2 27 6.06 81.82
84 0 27 0.00 81.82
86 • 2 29 6.06 87.88
88 0 29 0.00 87.88
90 1 30 3.03 90.91
92 AAAAAJAAAAA aA.A A 2 31 6.06 96.97
94 1 33 3.03 100.Ou
96 0 33 0.00 100.00
98 0 33 0.00 100.00
100 0 33 0.00 100.00

-. . -+...÷..+- .. +. --.-+...+...+-- .. -.-- -.
A. 2 3 4 5 6 7 8 9

Figure C18. Shell length (mm) frequency hiszogram of leptodea
fragilis in the upper Mississippi River, RM 61J.32 (Pool 10),

nearshore and farshore sites combined, JuIly 1991
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Shell L 
Cumulative Cuoulative

Fraq Freq Percent Percent

16 0 0 0.00 0.00

18 Ah;...L* 1 1 2.94 2.94

20 0 1 0.00 2.94

22 0 1 0.00 q 94

24 0 1 0.00 2.94

26 0 1 0.00 2.94

28 0 1 0.00 2.94

30 0 1 0.00 2,94

32 A 1 2 2.94 5 88

34 0 2 0,00 5.88

36 , 2 4 5.88 11.76

38 0 4 0.00 11.76

40 A.....-nA 1 5 2.94 14.71

42 0 5 0.00 14.71
40 5 0.00 14,71
46 0 5 0.00 14.71
48 0 5 0.00 14.71

50 0 5 0.00 14.71

52 1-"'a 1 6 2.94 17.65
54 0 6 0.00 17.65
56 0 6 0.00 17.65
58 2 8 5.88 23.53
60 0 8 0.00 23,5)
62 0 8 0.00 23.53
64 0 8 0.00 23.53

66 1 9 2.94 26.47
68 0 9 0.00 26.47

70 0 9 0.00 26.47
72 0 9 0.00 26.47
74 : 2 11 5.88 32.35
76 - 3 14 8.82 41.18
78 • 2 16 5.88 47.06
so 0 16 0.00 47.06
82 0 16 0.00 47.06
84 0 16 0.00 47.06
86 1A.-:AA.s 1 17 2.94 50.00

88 0 17 0.00 50.00
90 . 2 19 5.88 55.88
92 A 1 20 2.94 58.82

94 : ------------------ : 2 22 5.88 64.71

96 AA.A- -- A.AAA: AA 2 24 5.88 70.59

98 0 24 0.00 70.59
100 0 24 0.00 70.59
102 0 24 0.00 70.59
104 0 24 0.00 70.59

106 L 1 25 2.94 73.53

108 1 26 2.94 76.47
110 0 26 0.00 76./;
112 A.A,,A. AA 1 27 2.94 79 A1

114 1AAAA**se* 1 28 2.94 82.35
116 0 28 0.00 82.35
118 0 28 0.00 82.35
120 0 28 0.00 82.35
122 0 28 0.00 82.35
124 0 28 0.00 82.35
126 0 28 C.00 82.35
128 1 29 2.94 85.29
130 0 29 0.00 85.29
132 1 30 2.94 88.24

134 ************ 1 31 2.94 91.18
136 A 1 "2 2.94 94.12

138 a 2 34 5.88 100.00................... +...-+............
1 2 3 4 5 6 7 8

Figure C19. Shell length (mm) frequency hiszogram of Megalonaias

nervosa in the upper Mississippi River. R.M 635.2 (Pool 10).

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

14 0 0 0.00 0.00
16 0 0 0.00 0.00
18 0 0 0.00 0.00
20 * 2 2 7.14 7.14
22 ******* 2 4 7.14 14.29
24 - 3 7 10.71 25.00
26 ***** 2 9 7.14 32.14
28 0 9 0.00 32.14
30 0 9 0.00 32.14
32 ******* 2 11 7.14 39.29
34 *.***** 2 13 7.14 46.43
36 A ;;A •A ; 7 20 25.00 71.43
38 0 20 0.00 71.43
40 0 20 0.00 71.43
42 *I** 1 21 3.57 75,00
44 0 21 0.00 75.00
46 .. ,, -3 24 10.71 85.71
48 * 2 26 7.14 92.86
50 ******* 2 28 7.14 100.00
52 0 28 0.00 100.00
54 0 28 0.00 100.00
56 0 28 0.00 100.00
58 0 28 0.00 100.00
60 0 28 0.00 100.00

150 0 28 0.00 100.00

5 10 15 20 25

Per enitaie

Figure C20, Shell length (uim) frequency histogram of Obliquaria

reflexa in the upper Mississippi River, R.M 635,2 (Pool 10),

nearshore and farshore sites combined, July 1991
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Shell Length Cumulative Cumulative
Freq Freq Percent Percent

46 0 0 0.00 0.00
48 0 0 0.00 0.00
50 0 0 0.00 0.00
52 * * 1 1 4.00 4.00
54 0 1 0.00 4.00
56 0 1 0.00 4.00
58 0 1 0.00 4.00
60 0 1 0.00 4.00
62 • 3 4 12.00 16.00
64-------~.A... 2 6 8.00 24.00
66 ******** 1 7 4.00 28.00
68----- 2 9 8.00 36.00
70 ; 3 12 12.00 48.00
72 a 3 15 12.00 60.00
74 0 15 0.00 60.00
76 ..... 2 17 8.00 68.00
78 1****** 1 18 4.00 72.00
80 * 1 19 4.00 76.00
82 0 19 0.00 76.00
84 1* 1 20 4.00 80.00
86 0 20 0.00 80.00
88 0 20 0.00 80.00
90 0 20 0.00 80.00
92 0 20 0.00 80.00
94 * . 1 21 4.00 84.00
96 ******* 1 22 4.00 88.00
98 0 22 0.00 88.00

100 1•**** 1 23 4.00 92.00
102 0 23 0.00 92.00
104 0 23 0.00 92.00
106 0 23 0.00 92.00
108 0 23 0.00 92.00
110 0 23 0.00 92.00
112 0 23 0.00 92.00
114 0 23 0.00 92.00
116 0 23 0.00 92.00
118 • 2 25 8.00 I00.00
120 0 25 0.00 100.00
122 0 25 0.00 100.00
124 0 25 0.00 100.00
126 0 25 0.00 100.00
128 0 25 0.00 100.00
130 0 25 0.00 100.00

. ..... +..+...-...-...-...+
2 4 6 8 10 12

Figure C21. shell length (mni) frequencY histram of Potamilus
alacus in the upper Mississippi River, R:1 635.2 (Pool 10),

nearshore and farshore sites combined, July 1991

C23



Shell Length Cumulative Cumulative
Freq Freq Percent Percent

8 0 0 0.00 0.00
10 0 0 0.O0 0.00
12 1* I 1 0.81 0.81
14 •*** 3 4 2.44 3.2516 ** 1 5 0.81 4.0718 is 5 10 4.07 8.13
20 1-: 10 20 8.13 16.26
22 -------- 18 38 14.63 30.89
24 • 16 54 13.01 43.90
26 ***** 5 59 4.07 47.97
28 ******** 5 64 4.07 52.03
30 * 6 70 4.88 56.91
32 * 6 76 4.88 61.79
34 A A.. 8 84 6.50 68.29
36 ******* 4 88 3.25 71.5438 .-- A= AAAAA• 12 100 9.76 81.30
40 *** 5 105 4.07 85.37
42 **- * 6 111 4.88 90.24
44 ** 1 112 0.81 91.0646 * 5 117 4.07 95.1248 ** 1 118 0.81 95.9350 ** 1 119 0.81 96.75
52 *** 2 121 1.63 98.3754 ** 1 122 0.81 99.1956 0 122 0.00 99.19
58 ** 1 123 0.81 100.00
60 0 123 0.00 100.0062 0 123 0.00 100.0064 0 123 0.00 100.0066 0 123 0.00 100.0068 0 123 0.00 100.00
70 0 123 0.00 100.00. - ..+- ...+- .- + ... +- -.. +- .+

2 4 6 8 10 12 14

Figure C22. Shell length (mm) frequency histogram of Truncilla
truncata in the upper Mississippi River, RIM 635.2 (Pool 10),

nearshore and farshore sites combined, July 1991
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APPENDIX D: SUMMARY STATISTICS FOR WATER VELOCITY DATA COLLECTED IN THE
UPPER MISSISSIPPI RIVER (UMR), 1991

DI



Table DI

Summary Statistics for an Increment of Water Velocity Data

(200 Seconds) During and Immediately Eefore or After

Passage of a Commercial Navization Vessel

Combined Flow
Y X Velocity Direction

8 July 1991 File A911894

Sensor 942 - Before Test 4

Mean 1.51 1.02 1.83 127.06
SD 0.36 0.24 0.40 5.36
Min 0.70 0.37 1.02 110.80
Max 2.39 1.63 2.84 144.10
Range 1.68 1.26 1.82 33.30
N 200
Seconds: 73-272

Sensor 946 - During Test 4

Mean 2.10 -0.02 2.10 97.24
SD 0.34 0.11 0.34 2.97
Min 1.10 -0.22 1.10 90.40
Max 2.84 0.39 2.84 108.90
Range 1.75 0.61 1.75 18.50
N 200
Seconds: 73 - 272

Sensor 942 - During Test 4

Mean 1.67 1.09 2.01 126.56
SD 0.27 0.28 0.32 5.01
Min 0.60 -0,33 0.63 112.60
Max 2.18 1.66 2.53 146.50
Range 1.58 1.99 1.90 33.90
N 200
Seconds: 300-499

Sensor 946 - After Test 4

Mean 2.08 -0.06 2.09 96.20
SD 0.35 0.20 0.34 4.24
Min 1.19 -1.21 1.20 76.00
Max 3.00 0.33 3.00 106.30
Range 1.81 1.54 1.81 30.30
N 200
Seconds: 300-499

(Continued)

(Sheet 1 of 8)
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Table Dl (Continued)

Combined Flow

Y X Velocity Direction

8 July 1991 File B911894

Sensor 939 - Before Test 4

Mean 2.18 0.08 2L19 109.24
SD 0.40 0.09 0.40 2.41
Min 1.36 -0.16 1-36 103.20
Max 3.28 0.32 3.28 114.70
Range 1.92 0.48 1.92 11.50
N 200
Seconds: 73-272

Sensor 940 - Before Test 4

Mean 2.34 -0.21 2.36 125.-
SD 0.44 0.20 0.45 4.L
Min 1.25 -0.78 1.26 110.70
Max 3.36 0.29 3.39 139.50
Range 2.11 1.06 2.1' 28.80
N 200
Secondc: 73-272

Sensor 939 - After Test 4

Mean 2.38 0.09 2.39 111.19
SD 0.38 0.09 0.37 11.35
Min 1.59 -0.19 1.59 101.90
Max 3.20 0.28 3.20 184.00
Range 1.61 0.48 1.61 82.10
N 200
Seconds: 300-499

Sensor 940 - After Test 4

Mean 2.54 -0.27 2.56 125.31
SD 0.40 0.23 0.40 7.09
Min 1.68 -0.81 1.70 113.80
Max 3.47 0.39 3.52 162.10
Range 1.79 1.20 1.82 48.30
N 200
Seconds: 300-499

(Continued)

(Sheet 2 of 8)
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Table DI (Continued)

Combined Flow
Y X Velocity Direction

8 July 1991 - File A911903

Sensor 942 - Before Test 7

Mean 0.81 0.48 0.95 130.86
SD 0.09 0.13 0.12 6.43
Min 0.57 0.09 0.63 107.80
Max 1.04 0.93 1.32 147.60
Range 0.47 0 84 0.70 39.80
N 200
Seconds: 1040-1239

Sensor 946 - Before Test 7

Mean 2.31 -0.41 2,53 258.57
SD 0.18 0.97 0.42 19.67
Min 1.90 -3.34 2,03 213.60
Max 2.91 2.38 4.33 317.40
Range 1.01 5.71 2.31 103.80
N 200
Seconds: 1040-1239

Sensor 942 - During Test 7

Mean 0.62 0.34 0.71 128.71
SD 0.14 0.12 0.16 7.92
Min 0.33 -0.01 0,39 107.80
Max 0.94 0.69 1.04 146,60
Range 0.61 0.70 0.65 38.80
N 200
Seconds: 1240-1439

Sensor 946 - During Test 7

Mean 1.76 0.30 2.08 276.24
SD 0.29 1.14 0.46 29.04
Min 0.99 -2.36 1.33 216.30
Max 2.34 3.27 3.51 334.70
Range 1.35 5.63 2.19 118.40
N 200
Seconds: 1240-1439

(Continued)

(Sheet 3 of 8)
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Sensor 939 , •e~ot, Ttet

Meanr
SD < 3 :.t

Min

Max
Range 30

N
Seconds: 1040- 1239

Sensor 940 - Before Tes'j

Mean .
SD
Kin
Max - '
Range
N
Seconds: 1040- 1239

Sensor 939 - DuriniZ Test 7

Mean
SD U.31 03
Min '
Max I A .2 60
Range -7 9-

N 200
Seconds: 1240-1439

Sensor 940 - During Tesl 7

Mean 2 5' >9 (;• Q > ]1' 2
SD C,3: {.37
Min Q6 80
Max 3E 90
Range 40.10
N 2 0
Seconds: 1240-1439

(Cot),, nuc, (

TSheet 4 of 8)
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N 2.i0
Sensor 942 - Beforv Test :

Mean .- 136 98
SD Q 7
Min
Max ).. .. 120
Range 15• 2 7
N 200
Seconds: 50-249

Sensor 946 - Defore Test 8

Mean 0., 08 267.52
SD 18.76
Min 231.10
Max 06 310.30
Range 0.4, 0 79.20
N 200
Seconds: 50-249

Sensor 942 -- During rest 8

Mean 02 7 - 0.8O. 0 .2131055
SD 0.09 G." 0.11 4.64
Min . 57 -i?3 .3 -1.73
Max 0,96 07' 2 i14 144.60
Range .0. 20C 146.33
N 200
Seconds: 274-473

Sensor 946 -,Durin2C Test 8

Me an 2.02 -0.08 2.20 265,32
SD 0.09 0.10 0.30 22.47
Min 1.57 -1.73 1.64 229.80
Max 2.59 2-26 2.98 319.50
Range 1-02 3,9.9 1.34 89.70
N 200
Seconds: 274-473

(Con z i nued)

(Sheet 5 of 8)
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Table D1 (Continutud)

Combirned Flow
y I VelocitV Direction

8 July 119 1 - File B911904

Sensor 939,- Before Test 8

Mean 1.45 -1.0- i46 115.82
SD 0.30 0.20 0.30 7.74
Min 0.84 -0.6i U.84 -0.07
Max 2.23 0.44 2.23 0.44
Range 1.39 1.11 1A39 I.1i
N 200
Seconds: 50-249

Sensor 940-- Before Test 8

Mean 2.31 -0,78 2.45 119,15
SD 0.35 0.27 0.35 6.36
Min 1.38 -1.48 1.53 94.40
Max 3.06 0.07 3.17 139.70
Range 1.69 1.55 1.64 45.30
N 200
Seconds: 50-249

Sensor 939 - During Test 8

Mean 1.55 -0.21 1.58 111.36
SD 0.32 0.21 0.32 7.60
Min 0.92 -0.80 0.92 -0.80
Max 2.59 0.47 2.59 0.47
Range 1.67 1.27 1.67 1.27
N 200
Seconds: 274-473

Sensor 940 - During Test 8

Mean 2.23 -0.80 2.39 117.79
SD 0.41 0.27 0.39 7.14
Min 1.35 -1.51 1.51 98.60
Max 3.14 0.04 3.25 138.70
Range 1,79 1.55 1.74 40.10
N 200
Seconds: 274-473

(Continued)

(Sheet 6 of 8)
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TIabie DI (CJont' ir•ud

Comb i rte d Flow
y "'t. -i zt Direction

•0 Ju, ly Fj1 Fe A41194I

Sensor 942 -- During Test 15

Mean 0 71 U. 3 0 80 169.37
SD 0.12 U 07 0 13 3,72
Min 0.40 0.'i 0.53 161.20
Max 0.91 ru 1, )COO 182.40
Range 0.51 U 0, 47 21.20
N 200
Seconds: 50-249

Sensor 942 -- After Test 15

Mean 0.43 0.35 0x56 164.34
SD 0.03 0,0 O.03 4.08
Min O.31 0,27 0.49 155.10
Max 0.50 U.46 0.62 186.40
Range 0.19 0.19 0.13 31.30
N 200
Seconds: 300-499

13 July 1991 - File A911943

Sensor 939 - During Test 17

Mean 0.39 0.28 0.48 158.91
SD 0.05 0.03 0.05 4.78
Min 0.27 0.21 0.36 148.20
Max 0.50 0.37 0.59 169.00
Range 0.23 0.16 0.24 20.80
N 200
Seconds: 50-249

Sensor 939 - After Test 17

Mean 0.49 0.32 0.58 157.76
SD 0.04 0.03 0.04 2.11
Min 0.39 0.24 0.48 152.00
Max 0.59 0.37 0.68 164.00
Range 0.20 0.13 0.20 12.00
N 200
Seconds: 300-499

(Continued)

(Sheet 7 of 8)
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Table DI (Concluded)

Combined Flow

X Velocity Direction

16 July 1991 - File B911963

Sensor 939 - During Test 26

Mean 1.67 0.06 1.77 297.30

SD 0.41 0.59 0.41 19.81

Min 0.38 -1.26 0.41 235.50

Max 2.65 1.75 2.78 353.60

Range 2.27 3.0i 2.37 118.10

N 200
Seconds: 120-319

Sensor 940 - During Test 26

Mean 0.75 1.66 1.83 171.00
SD 0.11 0.13 0.17 2,19
Min 0.49 1.39 1.51 166.50
Max 1.01 2.00 2.21 178.10
Range 0.52 0.62 0.71 11.60

N 200
Seconds: 120-319

Sensor 939 - After Test 27

Mean 1.68 0.03 1.73 297.68
SD 0.53 0.36 0.51 23.17
Min -0.13 -0.91 0.19 233.20
Max 2.93 1.06 3.04 546.90
Range 3.06 1.97 2.85 313.70
N 200
Seconds: 400-599

Sensor 940 - After Test 27

Mean 0.75 1.69 1.85 171.25

SD 0.12 0.16 0.18 2.41

Min 0.53 1,34 1.46 166.10

Max 0.89 1.91 2.24 176.60
Range 0.36 0.58 0,78 10.50
N 200

Seconds: 400-599

(Sheet 8 of 8)
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APPENDIX E: INDIVIDUAL PLOTS FOR WATER VELOCITY, COMBINED (OR NET)
VELOCITY, AND DIRECTION OF FLOW FOR SELECTED VESSEL PASSAGE EVENTS
IN THE UPPER MISSISSIPPI RIVER (UMR), 1991. SEE TABLE 9 AND MAIN

TEXT FOR MORE DETAILS
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UMR NIk 2.4, ft "I Ulu k 2".499, Ito ft Ds

I Jwly 5Ill. T" I S Jedy 1"i 9 TOlO

3- 3

2
2

0-

0

0 100 200 300 400 0 t00 200 300 400

T.UmI 11ai.S

3- 3

2 2

0 0

0 100 200 300 400 0 100 200 300 400

360- 360

270- 270

go 90
90 007f

0 100 200 300 400 0 100 200 300 400

"TIM. Set Time, Sac

Figure El. Test 2, river mile (RM) 299.4, 50 and 100 ft right

descending bank (RDB), 8 July 1991
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JME f Mii A, 136 ft ROB
SI Jul"y - Tat 2

4-'2 ED

0 100 200 300 400
Tim. Urn

C Vdsdy

3-

270

•10

0 1o0 200 300 400
Ti.., Urn

360-

270-

90-

0 100 200 300 400

Figure E2. Test 2, RM 299.4, 150 ft
RDB, 8 July 1991
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uMIl MIN 2I!A A ft 31)1 UMI ile ]•A., IN ft 11)

S JIj 1991 - Tom,3 8 il M - Tol 3

3 -3

2~27

j0. 1
00

0 00 200 300 40002

0 00 20 0 400 100 200 300 400
hI m &C

Ceucmi ViadeyVdm
3 3

2- 2.

I 90 - via. -* $am

0 100 200 300 400 0 iO0 200 300 400

TIMM Ma IU lb.

380- 360-adftoPw

270. 270. 3'

180- ISO-

go0 go,-

0-1 0

0 100 200 3ý00 400 1 100 200 300 400

Figure E3. Test 3, RM 299.4, 50 and 100 ft RDB, 8 July 1991

E5



lMIN mh 299A HeI ft iDE MRN Nile 2M9 3 ft IDI
I Jd7 1"91. Tat 3 S Jd7 1"91- Tea)
4 4
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0 100 200 300 400 0 100 200 300 400

Cm~b Tddycambi dgd
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3  J 3

~2.525

2 t2

0 100 200 300 400 0 10 200 300 400

Dhei .11W Tm ~1SK

360- 3600

270 ____ 270-

180so 180-

90 90.

0 100 200 300 400 0 100 200 300 400
I%*, SK T¶meSw

Figure E4. Test 3, RM 299.4, 150 and 200 ft RDB, 8 July 1991
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22W
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Figure E5. Test 4, RM 299.4, 50 and 100 ft RDB, 8 July 1991
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Figure E6. Test 4, RM 299.4, 150 and 200 ft RDB, 8 July 1991
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Figure E7. Test 5, RM 299.4, 50 ft RDB, 9 July 1991
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Figure E8. Test 5, RM 299.4, 100 ft RDB, 9 July 1991
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Figure El0. Test 7, RM 299.4, 50 ft RDB, 9 July 1991
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Figure Ell. Test 7, RM 299.4, 100 ft RDB, 9 July 1991
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Figure £12. Test 8, P.M 299.4, 50 ft RDPJ, 9 July 1991
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